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PREFACE

This report "Radicactive Waste Management, Improvement Planning" (GAI
Report 2285) was prepared by Gilbert/Commonwealth (G/C) at Reading,
Pennsylvania for the Operations Division of the Oak Ridge National
Laboratory, Oak Ridge, Tennessee. The contributors to this report

included:

M. J. Cambria
C. W. Edwards

Project Manager
Principal Engineer

W. E. Markey - Technical Editor
.V. H. Willems - Instrumentation and Control
E. H. Altman - Project Planning
R. Pierce - Waste Management

This work was performed under Union Carbide Corporation -~ Nuclear Division
Contract No. 62B-13837C, Release No. 62X12 (GAI Work Order No. 04;8264-803).

xxi .




1.0 EXECUTIVE SUMMARY

The DOE Manual requires that for each DOE facility or site, a Radioactive Waste
Management Plan be developed on an annually updated basis. In addition to
detailing day-to~day waste management operatioms, this Plan must include a
description of proposed or budgeted program improvement projects to be carried
out over the subsequent five to ten years. The report presented here was
prepared by Gilbert-Commonwealth to serve as a reference document and guide in
developing the long-term improvements section of ORNL's radioactive waste
management plan. The report reviews ORNL's operations and future program needs
in terms of currently applicable DOE regulations and also in terms of regulations
and accepted practices of the commercial sector of the nuclear power industry so
that the impact of potential future adoption of these regulations and standards

on ORNL's operations can be fully evaluated.

Development of this report involved a detailed review of all aspects of ORNL's
liquid, solid, and gaseous radioactive waste management operations.
Non-radioactive sanitary/hazardous waste management operations at ORNL and waste
management operations at other UCC-ND sites in the Oak Ridge area were not
reviewed and are only addressed in this report where they directly impact ORNL's
radioactive waste management operations. In reviewing these operations, the
major goals were to identify any existing or potential areas of concerm, to
identify areas where further R & D work or testing is needed to develop a
satisfactory solution to the problem, and to develop preliminary cost and

schedule information for the potential improvements to be made.

The evolution of this report has resulted in a document divided into four sections
and four appendices. Section 1.0 is an introduction covering scope and major
objectives, a summary of past and present practices, and a summary review of
ORNL's last formal waste management improvements plan prepared ian 1972.

Section 2.0 is a summary of findings and recoﬁmendations in terms of general
practices and specific improvement projects. Section 3.0 is a summary level
schedule and program logic for carrying out recommended actioms, and finally,
Section 4.0 contains summary level cost estimates for each recommended

improvement project. The four appendices provide supportive information for

the recommendations made in Section 2.0. Appendix A contains summary

1.0-1
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descriptions of the waste generating, processing, and disposal activities at
ORNL. Appendix B provides detailed discussion of the areas of concern summarized
in the report, including the reasons and methodology for prioritizing these
concerns, and detailed design, cost and scheduling information for the potential
improvement projects. Appendix C gives definitions of terms and acroynms used

in this report, and finally, Appendix D lists reference material used in
generating this report.

The principal conclusion reached by Gilbert/Commonwealth after reviewing ORNL's
waste management operations is that these operations are currentiy being conducted
in a manner that does not endanger the health or safety of workers or the general
public and that does not have an adverse effect on the environment. Although
nineteen specific problem areas have been identified (as summarized in Section 2.0)
all of these problems can be attributed to one of the following: a) the legacy of
past practices; b) gradual deterioration of systems which have reached (or are near
to reaching) the end of their reasonable design lives; and c) potential changes in
regulations applicable to ORNL. As summarized in Section 3.0, all of the programs
designed to improve or correct these problem areas could be accomplished within a
four year period. However, given current limitations on manpower and capital, ‘ )
these programs would more likely be spread out over a five to ten year period of

time if they were all to be undertaken. As summarized in Section 4.0, the cost of
undertaking all of these projects concurrently is estimated to be between 60 and

100 million dollars. Due to the many unknowns and uncertainties associated with

many of the problem areas, actual total costs for specific projects could be

considerably different than those costs presented in Section 4.0. It is

conservatively estimated that actual costs could vary from those presented in this

report by as much as 300 percent.

O0f the nineteen problem areas identified in Section 2.0, several are of particular
importance from the standpoint of safety or overall impact on ORNL operations.

Recommendations in these areas are summarized very briefly below:

1. Solid Waste Disposal - Although solid radioactive wastes produced by ORNL
are presently being handled in a safe manner, continuing efforts are needed

to find better ways of reducing and disposing of newly generated wastes to
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minimize land usage and to further reduce the potential for the migration of
radionuclides from these burial facilities into the environment. While it !
appears that the migration of radionuclides from "older," less
conservatively buried wastes of the past has subsided (at least partially as |
a result of recent measures to halt the migration), continued and increased :
monitoring of these burial sites is needed for many years to insure that : 2
these conditions do not deteriorate. Unforeseen changes in regulations or
site conditions could also lead to the future realization that even the
conservative burial techniques being used today are not adequate enough.
Factors such as these make solid waste disposal a most difficult and complex

issue, with no easy or simple solutions to the problems involved. !

Current plans for opening a new solid waste storage area in the late 1980's
should incorporate burial/storage techniques that will permit better land
utilization. Concurrently, studies should continue to find ways to further . 5
limit the amount of solid radwaste generated and to volume reduce those
wastes once generated. Engineering/construction of an improved solid waste
storage area is expected to take three years and §2,500,000. The Qak Ridge
Solid Waste Disposal Facilipy, a centralized multi-plant facility in its !
final feasibility study phase, will, when completed, contribute
significantly to solving the problems with ORNL's SRW to the extent of
mitigating (and perhaps eliminating) the need for an ORNL improved solid
waste storage area. A definitive study of curreat/future VR needs at ORNL

would require six months and $200,000 to complete. Undefined capital
projects may also result as an outcome of this VR study.

Liquid/Gaseous Waste Collection - The piping systems for collection of

liquid low level waste, liquid intermediate level waste and gaseous wastes

are all nearing the limit of reasonable design life. A conceptual design
has already started for replacing the intermediate level waste collection

system with two centrally located redundant collection tanks and new double !

walled 304 L stainless steel collection piping. The estimated cost of this
project is $30,000,000. A complete evaluation of alternate, more corrosive
resistant materials ‘and alternate containment methods is needed before

finalization of design for this improvement. |
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A complete survey and evaluation of the low level liquid waste system is
needed to identify the necessary upgrading for this system. Such a study
would take one year amnd $175,000 to complete. Follow-on repair or
replacement would take two years and cost as much as $1,600,000. Before
plans are made to replace either the LLW or ILW collection systems, the
technical/economic feasibility of combining these collection systems should
be carefully considered.

Engineering design is complete and work is beginning on a project to replace
and upgrade the above-ground portions of the central gaseous waste
collection system at Stack 3039. This project is expected to cost
$6,700,000 and take 42 months to complete. Before completing engineering
design for this project, a complete ALARA review of the proposed new system
(as defined in Chapter 6.0 of the ORNL Health Physics Manual) should be
conducted and a complete survey of the underground portions of the existing
system should be made to determine the need for further
replacement/upgrading. These studies would take six months and $150,000 to
complete. Substantial additional capital improvement projects could be
identified as a result of these studies.

The above projects for upgrading/replacing the individual liquid and gaseous
waste collection systems are of substantial magnitude in cost and duration.
Since these systems all service common areas of the laboratory complex,
there is considerable merit to comsolidating these replacement programs into
one project. Such consolidation could reduce comstruction durations, reduce
construction operation and maintenance costs by as much as 50 percent or
more and could result in a more efficient overall radwaste system
operations. A classification of monitoring systems and equipment according
to specific application would be helpful. ™"Momitoring" the radiation level
of a process - waste stream is considerably different than "momitoring" for

radionuclides in a ground water level near a burial ground.

Process and Discharge Monitoring Equipment - Projects are underway to
modernize the computerized data acquisition systems and to install new

discharge monitoring weirs. The front-end radiation monitors must also be
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upgraded to current industrial standards for more accurate measurement under
various conditions. Thorough review of current conditions, specification of
new equipment and identification of R & D needs will require about one year
and approximately $200,000 to complete. Follow-up capital improvement
projects could require up to 27 months and $1,250,000 to complete.
Additional R & D projects of indeterminant cost and duration may also be
necessary to develop more accurate instrumentation for monitoring

discharges.

Design Documentation - Comprehensive system descriptions and process
diagrams are needed in areas where these are now lacking. These and other
design documents must be periodically updated as system modifications are
made. An improved, computer assister filing/retrieval system is needed for
this information. A dual record storage system is also required for
protection against loss, fire, water damage, etc. These improvements are
estimated to cost $500,000 initially and should be scheduled to compliment
system modification projects now being planned or carried out.

Decontamination and Decommissioning - A large number of older facilities at
ORNL are schedule for decontamination and decommissioning under DOE's
Surplus Facilities Program at an estimated total cost of $40,000,000. These
projects will have a major impact on all aspects of radwaste management
operations. Detailed studies are needed to determine the radiclogical
conditions in these facilities and the techmiques required to process and
dispose of wastes resulting from decontamination/decommissioning these
facilities. It is estimated that these studies will take one year and
$500,000 to complete.
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1.1 INTRODUCTION

Chapter 0511 of the DOE Manual requires that each regional DOE office submit to

headquarters an annually updated waste management plan for facilities or sites

under each regional office's jurisdiction. The plan for each site must include

planning and budgetary information for any proposed long~term (five year or
longer) improvement programs or projects. Such a plan is now being developed
by ORNL's waste management operations group as an update of previous 1ong-term

plans submitted to DOE (then AEC) in 1972. This plan will integrate all needed

radwaste improvement activities and projects into a unified, systematic
approach to facilitate assessment, selection and implementation, and will also

serve as a tool for prioritizing and budgeting these needed improvements.

It is intended that the repoft presented here be utilized as a reference or
source document in the development of ORNL's waste management plan. In order
to serve in this capacity, this report presents an assessment of radioactive
waste management operatiomal practices at Oak Ridge National Laboratory (ORNL).
It also identifies those action items that should be considered in developing
the long range program plan for improving radwaste management operations over

the next five to ten years. Toward this end, this document a) evaluates ORNL's

current radwaste management facilities and practices from the standpoint of
technology, safety, environmental effects and regulatory compliance issues,

b) identifies where improvement planning emphasis should be placed in terms of
upérading facilities, equipment, operating practice and research and
development needs, and c) suggests systematic approaches for accomplishing
recommended improvements.

1.2 - PROJECT SCOPE AND OBJECTIVES

The scope of this study represents a broad investigation of the radioactive
waste management systems and operating practices utilized at the laboratory.
For each of the major radwaste categories (solids, liquids, and gases)
generation, collection, processing, storage, disposal, monitoring/control and
general operating practices and procedures have been reviewed to achieve the

following specific objectives.
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o Assess the effectiveness of the present condition of ORNL radwaste
systems for managing the different categories of radioactive wastes,
and to identify and screen recommended improvements or correctioms by
considering general advantages/disadvantages, costs, R&D
requirements, etc.

] Identify those practices which are at variance with current and
anticipated regulatory requirements and accepted standards.

o Assess the relative seriousness of the identified concerns in terms
of priority and difficulty of resolution.

0 Develop broad estimates of the costs and schedules required for
resolution of the identified concerns.

o Assess advanced technologies for applicability to ORNL radioactive
waste management efforts. .

o Identify areas requiring additional in-depth investigation and/or
research and development effort.

o Develop a systematic implementation approach to serve as a guide for

coordinating and accomplishing desired improvements.

In general, this study is limited to the radwaste management activities of the
Operation Division of ORNL, X-10 site. Other Oak Ridge Sites (i.e., Y-12,
K-25) as well as off-site practices (e.g., transportation) are not directly
assessed; however, interface activities and mutual solutions to common
problematic concerns are considered. Decontamination and decommissioning (D&D)
program efforts have been factored into the improvement planning process.
However, the specific impact of these projects om future operations has not
been evaluated since these projects are in the early planning stages and .
detailed information is limited or not available at this time.
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1.3 RADWASTE MANAGEMENT PRACTICES ’
1.3.1 Objectives of Waste Management Operations

Since its beginning in 1943, ORNL has generated large amounts of solid, liquid
and gaseous radioactive waste material as a by-product of the basic research
and development work carried out at the laboratory. The primary functions of
waste management operations have been (and will continue to be): a) to collect,
process and store or dispose of these wastes in a manner that will have minimal
effect on the environment while ensuring that the health and safety of both
workers and the general public are protected; and, b) to provide surveillance
of the ORNL radioactive waste disposal systems to assure that they pose no

unacceptable risk to the public or the environment.

In keeping with ORNL's basic charter to discover and develop new energy related
technologies for both commercial and governmental applications, secondary
functions of waste management operations have been to develop technological
improvements for processing, containing, stabilizing and isolating radioactive
wastes and to test the effectiveness of such new technologies by putting them
into practice at ORNL. Meeting these secondary objectives has involved the
waste management operations organization in numercus projects, ranging from

laboratory and small-scale prototype testing to full-scale demonstrations,

‘'using the laboratory's own wastes as feedstock.

1.3.2 Past Practices

Past ORNL waste management practices have been in keeping with the rules,
regulations and policies set forth in the DOE Manual regarding processing and
disposal of radiocactive waste materials. In a few instances where these
general requirements would not be appropriate or practical to follow, ORNL and
DOE have mutually agreed on modifications in the procedures, provided these
modifications would not compromise the objectives stated above regarding
protection of the environment and the health and safety of both workers and the

general public.
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In keeping with national policy, shallow land burial has historically been the
standard method for disposal of low-level waste at ORNL. For higher activity
low level waste, the standard method of disposal since the late 1960's has been
hydrofracturing. For disposal of all types of level wastes (solid, liquid, and
gaseous), full advantage has been taken of the fact that the laboratory is
surrounded by a large exclusion area, which serves as both a natural barrier to
the transport of radionuclides to the environmeant outside the reservation and
as a mechanism for diluting the concentration of any nuclides that do

eventually reach the reservation's boundary.

Another important, long-standing practice has been to minimize the impact of
waste management operations on the basic R&D function of the laboratory. In
general, radioactive wastes have been handled with as little restriction as'’
possible being placed on both the quantities and physical/chemical makeup of
the wastes generates as a result of the basic research work carried on at the
laboratory.

1.3.3 Current Practices

In line with nationmal policy, 'a formalized, long-term waste management strategy
is being developed. This plan will ensure compliance with all state and
Federal envirommental protection laws that are applicable to ORNL's waste
management operations. However, with regard to NRC regulatioms, while ORNL
recognizes the need to be aware of areas in which these regulations are more
restrictive than its own, it is ORNL's intention to continue to recogunize the
DOE Manual as the governing document for regulation of waste management

operationms.

With regard to land usage practices for waste storage/disposal; the present
practice is to continue using ORNL's established storage/disposal techniques,
but to reduce the impact these.have on the environment as much as technically
possible, keeping in mind the restraints of current economic realities. In
line with this, steps such as increased emphasis on volume reduction are being

taken to-minimize contamination of the environment surrounding ORNL.
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The waste management operations group has also continued a practice of
minimizing the impact its operations have on the activities of the other
divisions at ORNL. However, because of the many new restrictions being placed
on the management of radioactive wastes (increased volume reduction, reduced
discharges, long-term D& impact, etc.) and because of the added costs
resulting from the efforts to meet these requirements, it is now recognized
that the front end of the radiocactive waste cycle (i.e., the waste generator)
must be focused on more closely, with the objective being to make necessary
improvements in the waste generation practices wherever this can be done
without adversely affecting the associated R&D activity.

1.3.4 Future Practices

Certain practices now being used at ORNL have been judged to be quite
satisfactory in meeting all present and expected future regulations in a safe .

and economical fashion. Where this is the case, it is expected that ORNL would

continue to follow these practices in the future. Where future changes in
regulations, national policy, etc., are expected that would cause ORNL's
current practices to become unsatisfactory, it would be expected that within a
reasonable period of time, ORNL's practices would be updated to meet these new
requirements. Several such areas in which ORNL should comsider a general

redirection of its practices in the future are given in Section 2.2.
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1.4 PREVIOUS IMPROVEMENT STUDIES - CURRENT STUDIES

Prior to the current project to develop a comprehensive, long term plan for
management of ORNL'S radioactive wastes, there have been a number of studies
done to improve and upgrade various portions of the waste management
operations. Collectively, these past studies could be considered as an
informal waste management plan, and in many instances, they have been useful as
a starting point in developing portions of the more formal plan presented
herein. In most cases, these studies are referred to and/or discussed in
relevant sections of this report. The one exception to this is the radwaste
management review and upgrade study conducted in 1971 by a panel of experts
from various divisions of ORNL. The final report of this committee, often
referred to as the "Burch Report,"” contains an indepth review of all waste
management operations as they were practiced in the early 1970's and lists
numerous recommendations for either immediate action or long-term improvement.
Because of the comprehensive nature of the Burch Report and its value as a
basic building block for the present waste management planning effort, it was
decided that a summary update of the Burch Report would be an appropriate lead
into the present report to give the reader a clearer understanding of how and
why ORNL's waste management program is where it is today, and where and why
there'is a need to change direction in the future. The following is a brief
summary of the Burch Report as it relates to the current planming effort.

As presented below, the discussion under each "Finding" represents a
condensation of the findings and recommendations of the Burch Report. The
discussion under "Present Status' summarizes the efforts made to date by ORNL
to comply with the recommendations of the Burch Report or gives reasons why

these recommendations have not been followed.

1.4.1 Regulatory Compliance

a. Finding - All waste should ideally be reduced to completely inmocuous form
before release, or should be recycled for reuse, or should be permanently
stored. This is a long term goal not immediately achievable. It must
also be kept in mind that imperfect storage can also give rise to

effluents that must be controlled to prevent harmful effects.
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Present Status - Intermediate level waste (ILW) waste is now stored until

safely disposed of via hydrofracture. A new process system Scavenging
Precipitation -~ Ion Exchange Process (SPIX) has been developed to minimize
low level waste (LLW) releases. As yet, there has not beenm a concerted
effort made to recycle wastes.

Finding - A single release point must be established for liquid effluents
and must be acceptabie to all regulatory bodies. The outfall of White Oak
Dam is recommended as this point, although it is recognized that one day
even credit for dilutionm in White Oak Creek may not be acceptable.

Present Status - The outfall of White Oak Dam has become the accepted site

discharge point. There is greater awaremess and acceptance of the
possibility that fuller compliance with ALARA will eventually require giving
up White Oak Lake as a buffer zone.

Finding - ORNL must develop a formal "Waste Management Plan". As part of
this plan, the division of responsibility between various organizatioms in
reporting releases must be formalized. Too many groups are involved in
reporting and regulating portions of the total release on an informal basis.

Present Status - A formal plan has not yet been developed, although the

responsibilities for waste management have been centralized into ome group
having broad authority in controlling all areas of waste handling/ disposal

and directing future waste management improvements.

Finding - One group should be assigned the responsibility of maintaining

up-to~date files on all environmental regulatioms.

Present Status - This responsibility has been assigned to the

Department of Environmental Management.

Finding - New envirommental regulations being developed by various agencies

are too uncertain. Therefore, ORNL should adopt a "wait-and-see" attitude.
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Present Status - Although envirommental regulations have stabilized,

jurisdiction over DOE sites is still not completely settled. Thus, ORNL is
continuing a "wait-and-see" attitude.

Finding - AEC's interpretation of "as low as practicable" would impose a
5 Curie/year limit on commercial power reactors. "ALAP" has not been
incorporated into the AEC Manual, but one day, these limits (or some
agreed-upon compromise) may be imposed on ORNL.

Present Status - ALARA is now a part of the waste mapnagement philosophy in

the DOE Manual. However, quantitative ALARA release limits have still not

been set.

Findings - The proposed Chapter 0511 of the AEC Manual was expected to
impose the following:

o Long-term tank storage of High Level Waste (HLW) will not be acceptable
beyond five years.

o Waste desigﬁated for lopg;term storage will ﬁave to be solidified.
Storage method must not preclude later removal of waste from storage.
Hopefully, hydrofracturing will be judged a satisfactory "storage"

method.
o Transuranic (TRU waste must be segregated in retrievable storage form.
o Essentially, the newly required "Waste Management Plan" will consist of

a system description and Final Safety Analysis Report (FSAR.)

Present Status - Chapter 0511 is now a part of the DOE Manual. Actual

requirements related to the above findings are:

o HLW can be stored for longer than five years, if adequate containment

systems are provided.

(SR PRI
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o Solidification is not mandatory for long-term storage and interim
approval has been given to consider hydrofracturing as a "storage"
method. However, the practicality of retrieval, once emplaced, must
still be questioned.

o ORNL now segregates TRU waste for retrievable storage.

o System descriptions and SAR's have been written for the various
radwaste processing systems. However, the Waste Management Plan must
also look ahead at least five years to include planning and budgeting

for future improvements.

1.4.2 Solid Waste Disposal
a. Finding - Present practices meet all applicable regulations and should be

continued with modest improvements for the immediate future.

Present Status - Continuation of practice with modest improvements. ")

Finding - Establish procedures for regular surveillance/examination of
retrievable TRU.

Present Status - Such procedures have been adopted. These have already

proven useful in spotting and correcting problems.

Finding - Centralized facility for incineration, compaction and packaging of
all Solid Radioactive Waste (SRW) should be a top priority. A conceptual
study is néeded and should consider use. of existing buildings (3505, 3517,
etc.) and inclusion of radioactive waste from other UCC-ND sites. The need
for this is justified by loss of land resulting from present
processing/disposal methods, higher costs for opening a new shallow land
burial facility in the future, and the desirability of having ORNL, as a
major AEC-operated facility, practice exemplary SRW processing/disposal
methods.
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Present Status - A compaction facility has been estabilshed. An

incineration facility is still only in the preconceptual stage, and for
budgetary reasons, may not go beyond this stage.

d. Finding - Development and pilot plant testing of ORNL's Pressurized Aqueous
Combustion and Pressurized Oxygen Incineration processes should be
accelerated. Semi-conventional incineration of low-level waste should be
pursued.

Present Status - Technical problems related to safety were experienced with
both of these projects and both have since been discontinued. Various other
incineration plans have been considered but not pursued for téchnical or
economic reasons. ORNL is now practicing a "wait-and-see' approach until an
acceptable technology Lias been developed by others.

e. Finding - Construct a bomponent decontamination facility.

Present Status - A decontamination facility has been set up in
Building 3517. A project is currently under way to add an electropolisher
to this facility. )

1.4.3 Liquid Radioactive Waste Disposal

b.

Finding - Hydrofracturing should be retained as the permanent method for
disposing of all Liquid Radioactive Waste (LRW) on the basis of cost, safety
and AEC policy favoring om-site disposal if practical.

Present Status A new, permaneant hydrofracture facility is nearing

completion and awaiting final go-ahead from DOE to begin operation.

Finding ~ HLW & TRU waste should be hydrofractured after holdup for decay
(if necessary) and dilution with ILW waste to less than 5.3 Ci/liter (beta).
Tank sludge and small amounts of organic liquids (< 4000 liter/yr) should
also be hydrofractured.
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Present Status - Some TRU waste has been disposed of in the interim

hydrofracture facility. No HLW has been disposed of in this manner, but the
design of the new hydrofracture facility has allowed for this and the SAR
for the facility proposes that this be permitted. Testing has been done to
show that waste containing one percent or less of oil can be hydrofractured
successfully. A program is now underway to demonstrate the compatibility of
gunite tank sludge with hydrofracturing.

c. Finding - If hydrofracturing is not .licensed by the AEC, a recommended
alternative would be to dry the-sludges, shipping the sludge to an off-site

repository and hydrofracture the supernatant.

Present Status - This concept was developed in the Envirommental Impact

Statement for the ILW Disposal System, but was eliminated from serious

consideration on the basis of cost and safety.
d. Finding - Sludge from the LLW lime-soda operation should continue to be
disposed of in open pits until the new processing system is emplaced. After

that, the sludge should be hydrofractured or disposed of in lined pits.

Present Status - The new SPIX process.no longer produces sludge.

1.4.4 ILW Collection/Treatment

a. Finding - To insure that the ILW system will continue to be able to handle
waste inputs adequately, it may one day be necessary to evaluate the
procedures and practices of individual waste generators more closely with

the objective of decreasing the volumes of waste generated.

Present Status - To date, the Waste Management Operations Group has been

able to meet all new and more restrictive waste handling/disposal
regulations by modifying the radwaste systems rather than by restricting the

research programs of the waste generators.

Ny
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b. Finding - Per AEC directive, the gunite tanks must be deconned and

decommissioned. To accommodate this, the following ILW system. changes

should be made:

Add two doubly contained 950,000 liter concentrate storage tanks at
the new hydrofracture facility. All new SS pipelime to service these

tanks = either double-walled or in concrete chase.

Add two doubly contained evaporator surge tanks - onme at
380,000 liter capacity and the other one at 190,000 liter capacity.

Leave gunite tanks in place for emergency use.

While gunite tanks are still being used, monitor flow and activity in

groundwater under them.

Permanently install the spare ILW evaporator.

Present Status - To date, the following modifications have been made:

Eight new 190,000 liter tanks have been installed at the new
hydrofracture facility and an underground, double-walled SS transfer

line has been installed between them and the evaporator facility.
Three 190,000 liter evaporator feed/concentrate tanks have been
installed and double-walled piping has been put in between them and
the collection tanks.

The gunite tanks are now being deconned and decommissioned.

The spare evaporator has been permanently installed.

c. Finding - A new 38,000 liter doubly contained tank is needed in
Melton Valley for separate collection of higher activity TRU/TURF

g T Gy T ; -
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Present Status - This tank and an ﬁnderground, cathodically protected

transfer line to the evaporator facility have been installed.

Finding - Make minor modifications to the ILW evaporator to improve DF,

reduce foaming, increase reliability and achieve higher boilup rates.

Present Status - All of the Burch Report recommendation regarding the ILW

evaporator have been implemented. The umit is now operating

satisfactorily.

Finding - Several intermediate holdup tanks have been found to be leaking,
but most appear to be in reasonmably good shape. Those no longer in use
should be drained and left intact. It is not economically feasible a£
present to replace the others with double-contained tanks.

Present Status - A project is-now in the conceptual design phase to

replace all Bethel Valley intermediate holdup tanks with two redundant,
doubly-contained tanks.

Finding - Gravity drains from the waste generators to the intermediate

holdup tanks may be in poor conditions. Since they are not under pressure

and since most contain lower activity wastes, no major hazard is

perceived, and no upgrade or testing is recommended at this time.

Present Status - As part of the tank replacement project, it is now

proposed that all of these lines be replaced with doubly-contained piping

back to the source generator buildings.
Finding - Pressurized lines from the intermediate holdup tanks to the ILW
collection tanks that contain more than 25 mCi/liter should be equipped

with isolation valves for hydrotesting.

Present Status - As part of the tank replacement project, it is now

proposed that all of these lines be replaced with doubly-contained piping

that would have provisions for leak testing.

R
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h. Finding - The ILW system should continue to be used to handle small
amounts of radioactive organic solutions.
Present Status - Written procedures now permit processing of a limited
amount of organic solutioms.

1.4.5 LIW Collection/Treatment

a. Finding - A new processing system with the capability of reducing Sr-90
releases by at least a factor of 100 should be installed immediately to
reduce the concentration in the site discharge to less than MPC.
Reduction to some lowest practicable level, yet unspecified, is a future
long-range goal. )
Present Status - A new process system (SPIX) was installed in 1975. As a
result, site releases are now well below MPC levels. Long-range reduction
goals have not been finalized.

b. Finding - Chronic seepage of contaminated ground water around
Building 3525 into the sewage system should be diverted to the LLW system.
Present Status - Several unsuccessful attempts at correcting this problem
have been made. There are currently no plans to tiy other corrective
measures.

c. Finding - Seepage of contamination into the Fifth St. branch of
White Oak Creek should be corrected.
Present Status - This problem is still underistudy. The problem area
appears to be centered under Bldg. 3047.

d. Finding - A large portion (75 percent) of the activity entering the LLW

1.4-9

system is a result of groundwater inleakage into drain lines south of
Building 3047. Situation should be studied by competent hydrologist to

determine best course of action.
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Present Status - Situation is still unresolved. This inleakage now accounts

for about 30 percent of total activity input.

Finding - Interconnections between the ILW and LLW systems via valve pit
sumps, etc provide pathways for significant injection of activity into the
LLW system. A thorough study of this should be done to identify where these

cross-ties should be eliminated.

Present Status - Most of these interconnects are dormant and would require

deliberate operator action to divert ILW to the LLW system. Furthermore,
current plans to replace all intermediate holdup tanks with two centrally
located tanks would eliminmate this problem altogether.

Finding - In 1971, a large percentage of the Sr-90 reaching the Clinch River
(40 percent) was attributed to the Solid Waste Storage Area (SWsA's) in
Melton Valley. Ind;cations are that this is increasing. A thorough study
of the geology and hydrology of the area is needed to determine proper

corrective actions. S

Present Status - Numerous studies and monitoring programs have been

conducted. Numerous corrective measures have also been undertaken (grading,
capping, etc.). Since reaching a peak in 1974, total site releases have

steadily declined and are now at or below 1971 release levels.

Finding - The settling basin (3513) should be filled and capped. The

equalization basin should be dredged and a membrane liner applied.

Present Status -~ It is planned to Decontaminate and Decommission (D&D) the

settling basin as soon as several current biological research programs
centered around this basin are completed. There are no curreant plans to

modify the equalization basin.

Finding = Recycling of waste water may be a necessity in the future if the
needs of ORNL and the city become great enough to overload current makeup
capacity. The new LLW process treatment system may provide water of

sufficient quality for this purpose.
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Present Status - As yet, there has not been a formal study made of the
feasibility of recycling process water for reuse.

1.4.6 Radicactive Gaseous Waste Systems

a. Finding - Emergency power supply for standby cell ventilation fans and
steam-powered standby fans are not adequate. The capacity and reliability
should be increased.

Present Status - As part of a general upgrade of the ventilation system at

the base of Stack 3039, these concerns have been addressed.

b. Finding - Present equipment for measuring and monitoring stack releases are

adequate, but dual inventory samples should be routinely taken where

possible for substantiating sample accuracy. The equipment should be kept

in full effect and maintained on a continuous basis.

. Present Status - Dual sampling is provided at Stack 3039 and it appears that
' the equipment is being fully maintained.

c. Finding - Fire barriers should be added to selected systems to improve the

isolation of combustible components.

Present Status - Primarily due to economic constraints, these barriers have

not been added to any buildings already in existance. Such barriers were

designed into Building 7830 which was recently constructed.
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2.0 SUMMARY AND CONCLUSIONS

2.1 GENERAL ASSESSMENT OF RADWASTE MANAGEMENT OPERATIONS

2.1.1 Summary

Radioactive waste management at ORNL is a major operation, requiring thg talents
of a large number of individuals from various disciplines to function préperly.
About three percent of the Laboratory's yearly operating budget is used to run
the waste processing and disposal facilities. But indirectly, waste management
operations are responsible for significant additional spending if the wvarious
radwaste monitoring programs, radwaste R & D projects and current radwaste system

capital improvement projects are considered.

In terms of both activity and volume, large amounts of radwaste must be handled
each year at ORNi. To put this in perspective, the amount of liquid and solid
waste generated is roughly five times the amount produced by a typical 1000 MWe
boiling water reactor power piant. Since the Laboratory was created in 1943, a
rather large and complex network of interconnecting collection, processing and
disposal facilities has evolved to handle these wastes. While there has been
considerable upgrading of these facilities in recent years, portions of the
existing systems are in need of additional repair, upgrading or replacement to

meet current industry standards.

Given the large quantities of waste handled each year and the worn/ outdated
condition of some portions of these facilities, the waste management operatioms
group has had an excellent record in safely processing and disposing of these
wastes. In.;ll cases, the rules and regulations presently applicable to ORNL are
being met in full. Both liquid and gaseous waste releases are far below
allowable limits, and available information indicates that current solid waste
disposal activities are releasing insignificant amounts of activity into the
groundwater. While ORNL is now handling its wastes in an exemplary fashion,
there are a number of areas where improvement is necessary or could become

necessary as a result of continued deterioration of system, changing economic

2.1-1
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conditions, potential regulatory changes, etc. These improvements and the
principal reasons for making them are summarized briefly in the following

paragraphs.

2.1.2 Future Regulatory Compliance

It is anticipated that regulatory requirements for ORNL will become more
restrictive in the future as a result of either direct or indirect involvement of
the NRC and EPA in the regulatory process. Should this change in regulatory
authority ever occur, major modifications could be required in many areas of
ORNL's waste management operations as identified in appropriate sections of this

report.

2.1.3 Solid Radwaste Management

Current solid waste management operations are being conducfed in an exemplary
fashion. All wastes are handled safely and in a cost effective manner. The
legacy of inadequately buried wastes from past operations is still with ORNL, but .,)
various corrective measures appear to have had some degree of success in halting
the spread of radionuclides into the environment from these buried wastes. There
are also other measures which could be taken, although further testing is needed
to ascertain the long-term effectiveness of these measures. As a final resort
this waste could be exhumed for repackaging and reburial elsewhere, but
considering the relatively minor impact the current conditions have on the
environment, such costly and exposure intensive measures as these are not likely
to be justifiable. 1In addition, the proposed new centralized solid waste
disposal facility referred to earlier will mitigate future problems and perhaps
eliminate the need for SWSA-7. '

Although considerable effort is made to volume reduce (VR) solid wastes prior to
disposal, further reductions could be achieved by adding more sophisticated VR
equipment. Howéver, given the current low costs for waste disposal at ORNL, such
additions cannot be justified on an economic basis. Therefore, for the near
term, any significant improvement in VR capability would have to be justified
solely on the basis of satisfying DOE directives to minimize land usage for waste

disposal purposes.
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2.1.4 Liquid Radwaste Mamagement

ORNL routinelylhandles relatively large amounts of liquid radwaste in terms of
both volume and activity. For example, although ILW normally measures less than
10 YCi/cc, waste streams can be as high as 5000 puCi/cc. Putting this in
perspective, the highest activity level in the sump water from TMI-2 after the
accident there in March 1979 never exceeded 200 pCi/cc. Overall, ORNL's record
in handling these highly radioactive liquids has been very good.

An extensive network of underground piping and tankage is provided to collect and
store both LLW and ILW prior to processing and discharge. Together, the LLW and
ILW collection systems contain nearly twenty miles of piping. Much of this
piping is over thirty years old, and there is evidence of substantial loss of
integrity or potential loss of integrity in both the piping and tankage.

Although there is considerable groundwater contamination in the area around some
portions of these collection subsystems, there is no evidence that any
significant amount of this has reached the site boundaries. Nevertheless,
substantial repair/replacement programs will be necessary for both of these

collection systems in the near future.

In contrast to the collection systems, the LLW/ILW processing systems are
relatively new and in good condition. Since startup of a new ion exchange
process in 1976 and a new evaporator in 1979, ORNL's performance record in
processing these wastes has been excellent. Typically, discharge concentrations
of Sr-90 (the primary isotope of interest in most effluent’s) are below the
maximum permissable concentration (MPC), and other isotopes are below one percent
of MPC. One area where possible improvement is still needed is that of recycle

capability for processed water.

Disposal of concentrates from the liquid waste processing systems is now being
handled in an acceptable fashion that has little effect on the environment.

However, should any problems develop with hydrofracturing, the lack of any backup

system for handling ILW sludge would be a serious problem. While disposal of LLW

sludge in lined, open pits represents little hazard, the redesign and
modification of the process work treatment plant now in progress will eliminate

the sludge.
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2.1.5 Gaseous Radwaste Management

A significant portion of the older sections of the gaseous waste collection and
treatment system has deteriorated to the point where the potential now exists for
inefficient, ineffective and unsafe operation of this system. At present, the
amount of activity handled and released by this system is well below MPC levels,
thereby minimizing the hazards associated with these conditions. However,
complete failure of this system under normal conditions or abmormally high
releases from the source generators would pose a potentially hazard to workers
and, to a lesser degree, to the gemeral public and environment. Therefore,
repair/replacement of all or major portions of this system is a high priority.
Such a program has already been initiated for above-ground portions leading to
the central dishcarge stack. Similar programs may be necessary for the other
stacks and for the extensive network of underground piping and ductwork.

2.1.6 Discharge Monitoring/Control

o

An extensive system of monitors is now provided to measure and record
liquid/gaseous releases from all normal discharge points. This network appears
to provide adequate coverage for all normal releases; however, in many instances
the monitoring instruments are of outmoded designs which are inaccurate or
otherwise inadequate under certain conditions. A general upgrade of monmitor
design is needed.

Of additional concern is the monitoring‘and control of miscellaneous local
discharge points. There are many release points, throughout the laboratory, many
of which are not monitored or otherwise controlled. Most of these handle very
little or no radioactivity and those that do are vented to the plant stack

systems. However, verification and documentation of this fact is needed.

2.1.7 ° General Radwaste Management Operations

In general, the radwaste management operations group is well organized and

responsive to the needs of the Laboratory in handling waste by-products from the
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numerous R & D and pilot plant projects being carried out. However, in several

areas there is some room for improvement to more fully satisfy anticipated future

needs and regulatory comstraints. These include:

o

Formal, long-term facilities consolidation planning.

Formal planning of D & D projects, with greater involvement of the

radwaste management operations group in developing D & D policy/planms.

Formal interfacing with the radwaste generators, with the possibility
that in the future the radwaste management operations group will have

to exercise some control over what each generator produces.

Formal documentation of system design and operation. Greater emphasis
is needed on incorporating formalized "configuration management"
techniques, not only in the deéign of add-ons or-modifications to the
present systems, but also in documenting what has been constructed in
the past. The importance of such documentation cannot be over-stated
in terms of its usefulness in conducting future design reviews/design
verification and in planning future system modification.

Formal ALARA reviews of system designs and operation. Documented
reviews are needed for initial design. Periodically, they are also
needed to verify that ALARA principles are .being complied with by

operations and maintemance personnel.

ATETIGTY v T -
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2.2 GENERAL RECOMMENDATIONS REGARDING FUTURE PRACTICES

ORNL's waste management operations have had an excellent record with regard to
protecting the health and safety of workers and the general public. These
operations have also had minimal adverse effects on the environment. Based on
this record, any immediate depargure from the present practices described in
Section 1.2 is not warranted or recommended. However, in several areas, a
gradual shiff to what might be generally classified as a more defensive or
conservative practice should be considered. These practice recommendatioms are

discussed below:

2.2.1 Adoption of Practices Consistent with Optimized Land-use and Recovery

of Resources

In future planning, greater emphasis should be given to developing and
implementing ways of reducing the amount of radiocactive waste gemerated. One
administrative means of doing this is to move the responsibility for management
and control of the amount of radioactive waste generated closer to the source of
the waste. This should help to minimize the amount of radiocactive waste
generated, as well as give a better characterization of the waste which is
generated. Other ways are to perform R&D and develop pilot plant projects that
will identify effective ways of achieving this goal.

Greater use should be made of waste processing techniques and waste management
procedures that emphasize resource recovery. Recycling of waste water and
decontamination/reuse of equipment are examples of practices that will conserve
valuable resources by reducing the need for replacing equipment/materials, by

reducing consumption of water, and by reducing the usage of land area.

Separation between facilities or duplication of facilities and/or operations can
be wasteful of many resources, among these being land, consumable materials and
human resources (man-power and maﬁ-rems). After considering all trade-offs and
technical/economic limitations that may be involved, steps should be taken, where
ever practical, towards greater comnsolidation of waste management facilities and

operations within ORNL itself and in conjunction with other UCC-ND sites. Prime




2.2-2 . *D

examples of areas where guch consolidation should be considered and co-operative
efforts to comstruct a centralized incineration facility or to establish a common
burial ground for low-;?vel wastes.

Emphasis is also needed on D&D projects and other activities that are geared to
restoring contaminated facilities and land areas to conditioms that will allow
them to be recovered for other uses. Above all else, all necessary steps must be
taken to prevent conditions from deteriofating to the point where there is a
serious health threat to future genmerations utilizing the facilities or
surrounding land areas. In line with this, facilities now classified by DOE as
surplus should, be decontaminated and reused, dismantled and disposed of or
entombed, in that order of preference, as advanced by DOE. For each facility,
the method should be Earefully selected on a case-by-case basis, considering all
factors, including DOE policy D& activities should also favor long-term resource
recovery objectives rather than short-term goals when these are in conflict. For
example, an interim solution to leaching from open ILW sludge disposal pits may
be to seal and cap these pits. A more permanent solution is to remove this
sludge, reduce its volume, and dispose of or store the product retrievably, .ﬁ>
keeping in mind that storing the product retrievably creates a new set of
problems which may be as severe as the one being solved.

Finally, more intensive efforts should be made to minimize land usage by
installing additiomal volume reduction capability. The objective should be to
eventually reach the maximum degree of volume reduction technically/economically
feasibile for each type of waste anticipated. For instance, all combustible
waste might eventually be incinerated, all wet wastes may be taken to total
dryness, and all metallic material might either be melted down or reduced by

special inciperation techniques such as slagging pyrolysis.

2.2.2 Adoption of More Restrictive NRC/EPA Criteria for Radioactive Waste
: Management

By federal law, NRC and EPA do not have jurisdiction over the management of
radioactive wastes at DOE sites. DOE is a self-regulating agency in this area

and over the past thirty years has developed rules and regulations for handling
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radioactive wastes that parallel those now governing commercial industry, but
which are, in certain respects, ferceived to be less conservative. Wﬁile ﬁRC/EPA
regulation of DOE waste management activities may never come to pass, the policy
should be that wherever there is justification for a more restric;ive praétice,
then this practice should be adopted, if careful comsideration of all other
factors involved shows this to be a reasonable course of action to take.
Therefore, as a general, long-term objective, efforts should be continued to
bring ORNL waste management activities in line with more restrictive NRC/EPA
criteria, where justified. In areas where the converse is true (as may be the
situation in the case of ORNL's handling of intermediate level waste), ORNL
should, as its charter requires, strive to provide the commercial sector and
regulators of the commercial sector with the guidance needed to upgrade
commercial practices and regulations to be comparable with those fo;IEwEﬂVE&“~'
ORNL.

2.2.3 Demonstration of Improved Waste Management Practices

To meet the technical and economic challenges created by new, more restrictive

regulations governing the processing, transportation and disposal of radioactive

, wastes, innovative new waste management process techniques and practices are

needed. To support the needs of both ORNL and the national Low-Level Waste
Management Program in these areas, ORNL should aggressively pursue government
funding for R&D programs to develop and test promising new concepts in a timely

manner.

2.2.4 Utilization of Total Systems Approach to Future Improvement Projects

This report identifies a number of areas where major capital improvement projects
are needed to upgrade ORNL's waste management operations. In the past, funding
restrictions or other considerations have resulted in such projects being
conducted somewhat independently of each other, and in some cases this has led to
unnecessary additional costs, unnecessary duplication and less efficient overall
operation. In carrying out future improvements projects, it is important to the
overall, long-term success of the improvements program that a total systems

engineering approach be used to design and construct these projects, as outlined
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in UCC-ND Engineering Procedure EP-A-25. As much as possible the
inter-relationships and inter-dependencies between these projects must be fully
jdentified and considered before finalizing the design of any ome project in
order to avoid incompatibilities in the end products or unnecessary and wasteful
duplications. Excellent examples of where this philosophy should be applied are:
a) the various projects underway to upgrade various portionms of the front-end
monitoring equipment and the downstream data processing systems; and b) planned
or proposed projects for upgrading the LLW, ILW, hot off-gas and cell ventilation

collection networks in commonly shared areas of the site.

2.2.5 Adoption of Uniform Waste Categorization/Disposal Practices

Within the nuclear industry, there is a disturbing lack of consisténcy from one
organization to another in defining categories of waste and identifying the
hazards associated with each of them. Consequently, there is disagreement and
some degree of inconsistency among both waste generators and regulators

concerning the level of safeguards percejved as being necessary in setting

N

intermediate handling and ultimate disposal requirements for particular waste
types. Ever increasing emphasis on volume reduction before disposal will only
worsen this situation due to the fact that volume reduction of low level waste
will lessen the gap in activity levels between these wastes and high level

wastes.

In 6}der to strengthen both the safety and credibility of the national programs
for disposal of all forms of radioactive waste (high, low or other), it is
mandatory that these differences be resolved so that a truly uniform national
policy can be developed. Through its own waste management practices and through
its lead role in working groups assigned to setting natiomal waste management
policies, ORNL should strive towards developing more uniform, workable standards

for characterizing waste types and the hazards associated with them.
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2.3 SUMMARY OF RECOMMENDED IMPROVEMENT PROJECTS

One of the major objectives of this project was to conduct a through review of
ORNL's existing radwaste management facilities to determime what specific
corrective measures would be necessary to bring ORNL's operations in line with
regulations currently applicable to ORNL and also to determine what specific
improvements should be made to either satisfy potential changes in regulations
or to bring ORNL's operations in 1§ne with commercial nuclear industry
practices and regulations. In carrying out this objective, five basic
categories of waste management were selected for review. These were: a) solid
radwaste; b) liquid radwaste; c) gaseous radwaste; d) discharge monitoring and
control; and e) general waste management operations. As shown in Figure 2.3-1,
several of these princpal categories were further subdivided into two or more

sub-categories to facilitate the review process.

For each waste management category or subcategory, a systematic review was
carried out that involved consideration of six functional activity categories.
The activities considered were: a) generation; b) collection; ¢) processing;
d) storage; e) disposal; and f) miscellaneous other (administration, general
planning, etc.).z Where not.applicable to the particular waste management

category being reviewed, certain of these activities were not considered.

To provide a data base for this review, both site field trips and reference
documents were relied upon. Numerous trips were taken to inspect various
portions of the present systems. A voluminous number of system descriptionms,
safety analysis reports, operating records/reports, conceptual design studies,
and R&D project reports were also reviewed in detail where additional
information or insight into a particular area were needed. The supporting
documentation used for this purpose is tabulated in the reference list appended

to this report.

Generally speaking, the decision on whether or not a problem exists in a
specific area of ORNL's waste management operations was based on consideration

of the following criteria:




2.3-2

a. The impact on the health and safety of workers or the general public (real
or potential).

b. The effect the situation has on the environment (real or potential).
c. Failure to meet currently applicable values and regulationms.
d. Inability to meet expected or potential future rules and regulationms.

e. Nonconformance with generally accepted industry practices/policies

(especially ALARA practices/policies).
f. Cost inefficiencies in facilities design and/or operatioams.

As a result of this entire review process, nineteen areas were identified in
which some form of improvement is recommended. Table 2.3-1 provides a-brief
description of each problem area and a summary of the action (or actions)
recommended to effect improvements to the curreat situation. In Table 2.3-1,
the problem areas are arranged according to the waste management category with
which they are most closely associated. This same order- and method of
presentation is used in Appendix B where the individual areas of concern and
recommended actions are discussed in much greater detail. For reader
convenience, Table 2.3-1 provides a cross-reference to the appropriate

subsections in Appendix B where more in-depth information can be found.

For each area of concern identified in this study, Table 2.3-1 also summarizes
the priority level that should be assigned to dealing with it. Priority levels
were assigned in accordance with the general criteria presented in Section 2.0
of Appendix B and which are further expanded upon for each problem area in
Section 3.0 of Appendix B. To aid in understanding where resolution of each
problem area would fit into an overall improvement program on a priority basis,
a summary of these problem areas by priority level is given inm Table 2.3-2. In
using these priority level ratings, it should be kept in mind that they apply
to the problem area itself and not the recommended solutions. In many cases,

the recommended solution consists of a number of recommeded actions which may

s
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need to be done in series and or parallel with other actions. Proceeding from
one action to the next may depend on the outcome of recommended studies, the

availability of manpower and funds, etc. Considering these complex interactions
and the many unknowns involved, it would not be possible at this point to put a
priority level on each individual action involved in correcting or improving a

particular problem area.

Table 2.3-1 also presents summary cost and schedule information for each
recommended improvement project where it is possible to determine such
information. More detailed schedule and cost data are provided in Sections 3.0
and 4.0. All data on project costs should be treated with reservations so
indicated below. In summary, the duration of each improvement project ranges
from only a few month to as much as four years. Whether or not these projects
can be run in parallel depends on many factors beyond the scope of this study
(available funds and manpower, etc.). Where the start of a project is
constrained by completion of another project or avaiiability_of certain data,
note is made of the fact in the summary Milestone Schedule presented in
Figure 3.3-1.

The cost information presented in this study is, for the most part, very
preliminary in nature and should not be used for anything other than budgetary
purposes (i.e., selection of alternatives or other engineering decisions should
not be based on these figures). Improvement project costs vary greatly,
ranging from tens-of-thousands of dollars for a few small study efforts to as
much as $30 million for replacement of the ILW collection system. If all
improvement projects recommended by this study were approved and implemented,
the total cost would be in the range of $75 to $100 million dollars.

The cost data presented in this study are order-of-magnitude estimate that
provide a basis for comparing the magnitude of projects. Therefore, the data
are useful for planning and discussion, but due to their preliminary nature
they should not be used for budgetary purposes or as a basis for engineering

decisions, such as the selection of altermative courses of action.
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3.0 PLANNING/SCHEDULING OF RECOMMENDED IMPROVEMENTS

The improvement plans described in this section are the first step in
developing a comprehensive ORNL radioactive waste management improvements
implementation plan. The information in previous sections describes the
recommended alternatives for improvement of the ORNL radiocactive waste
management operations. This section describes the recommended approach to
development of the long-range implementation plan. It includes: 1) a
recommended program structure which provides the framework of a comprehensive
program work breakdown structure (PWBS); and 2) a recommended program logic
which describes the steps to be taken to identify, scope, time phase and budget
each improvement project from inception to operation.

3.1 ' IMPROVEMENT PROGRAM STRUCTURE

The purpose of the recommended improvement program structure is to organize the
improvements in the way DOE requires work and budgets to be organized and
controlled. The structure is a hierarchical "system" oriented breakdown which
first identifies the major categories of radiocactive waste (i.e., solid, liquid
or gaseous). These are further broken down into the types or levels of waste
and their associated waste management systems.

Figure 3.1-1 describes the first two levels of the PWBS. The first level is
intended to capture all elements of the ORNL radwaste management operations and
facilities which may be subject to the improvement program, including the
monitoring/control systems, and the management and administration of the ORNL
radwaste operations and facilities. The second level then identifies each
project under a specific facility or operational category. The projects are
identified with the appropriate reference subsection number from Section 3.0 of
Appendix B, where more detailed descriptive information is given about: each

project.
Within each of the terminal level program elements a number of improvement

projects or activities may be identified. When a specific improvement is

identified and selected for implementation, that improvement will become the

3.1-1




3.1-2 i

subject of an improvement project. At that time a project work breakdown
structure will be developed which identifies and hierarchically structures the
elements and activities of the improvement project in accordance with
established UCC-ND procedures for project planmning.
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3.2-1

3.2 IMPROVEMENT PLANNING

3.2.1 Program Planning Logic

The recommended program planning logic describes the steps required for
implementing each improvement. Figures 3.2-1 and 3.2-2 describe these steps
from characterization and.assessment of the waste management system through the
identification and decision-making process of executing an improvement project.
This diagram concentrates on Phase 1 planning and decisions which ORNL and DOE
must accomplish in order to select improvement projects for implementation of
subsequent phases.

3.2.2 Project Planning Logic

Figure 3.2-3 desckibes the phases in the evaluation of a major project from
concept through construction and acceptance. Some of the improvement projects
may not be of sufficient size or complexity to warrant such a detailed
evaluation. In such cases, some of the steps or phases may be eliminated or
combined. In other cases, the improvement definition may be sufficient to
enable leapfrogging the earlier phases and immediately initiating Titles I

and II, Engineering and Construction. The process shown is derived from the
new DOE Project Management System Handbook DOE/CR-0019, and is generally in
accord with the guidelines of the older AEC Manual Appendix 6101, "Management
of Comstruction Projects," which is accordingly being rewritten by DOE.

3.2.3 Decision Networks of Improvement Options and Alternmatives

The purpose of this process is to enable the ORNL radioactive waste management
operation to review and evaluate the improvement options available to them, and
to make the necessary managemedit decisions leading to implementation of
improvements. Each radwaste management system and process which is a candidate
for improvement will be the subject of a decision network which begins with the
potential problem, considers the alternatives, describes the sequential
activities which must take place to implement each alternative, and provides
management with the rationale for the trade-offs and decisions to be made
throughout the evaluation of the alternatives. Each of the decision networks
generally follows the sequence of events described in Figures 3.2-1 and 3.2-2.

AP v e
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FIGURE 3.2-2  RADWASTE DMPROVEMENT PROJECT LOGIC
STE?
Q. ELEMENT DESCRIPTION DECISION
1 |Characterize Waste System Perform exploratory surveys to .

astimate extent and type of contamination
and environmental hazards.

[

Assess Needs And Priorities
For Improvements

.

Compare survey results with guidelines;
assess health risks; relate to current
requlations and 00E policy.

Is there a need for improve-
jnents? What is the health/
risk priority?

Evaluate Technology And
Scope Options

Identify principal issues/technical pro-
blems to be addressed. Oevelop initial
project plan to outline the required
remedial action steps and initiate
screening process for alternate solutions.

Petermine issues and sroblem
preas.

Environmental Analysis

Analysis will address hazard identifica-
tion, environmental characterization, ’
hydrology and geology considerations.

The assessmeat will discuss the environ-
mental impacts of the present practices
and proposed modifications.

o

Engineering & Technolagy
Evaluation

Collect and analyze engineering data to
supolement characterization of the pre-
sent sftuation and develop options. The
evaluation of each option will include
schedule, costs, risks, and benefits.

Determine if enginesring and
envirgnmental data are suf-
ficient to choose and justify
proposing an option.

Determine effect on lab
operations by construction.

Evaluate Qptions

Review each option and obtain comments
on results of engineering evaluation
and environmental analysis.

Select the prefarred option
and reasonable alternatives
which are worth pursuing.

Propose Improvement QOptions

Describe the preferred option to DOB-QORO.
Prepare the Project Plan

DOE approval.

Finalize Options

Conducted required research or field
tests to obtain environmental data and
prepare an Environmental Assessment or
Envircnmental Impact Statement, if needed

Select Improvement Projects

Prepare Record of Decision to select an
cotion and obtain DOE approval.

00E approval. *

mprovement Project Plan

Prepare a detailed engineering plan
including cost estimate, work plan,
environmental protection regquirements,
schedules, and technical specifications
for the improvements.

Impiement Improvement Pro-
gram

Contractor selected by competitive pro-
curement will implement the improvement
project as outlined in the Project Plan.

Certify For Operation

During the project and following its com-
pletion, a monitoring proaram will bte
established to verify the effactiveness
of the impravement. A final reoort and
statement will be orepared by CRIL %o
certify the sita or system for coeration.

Qoerations may proceed.
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3.2.4 Detailed Networks of Each Improvement Recommendation

- - 3.2.4.1 Solid Radioactive Waste Management

SRW Processing/Disposal

Site geology/hydrology conditions were not adequately considered for waste

disposal operations prior to opening SWSA-5.

A large portion of the activity

released to the environment originates in leachant from these older burial

sites. Newer disposal operations, while adequately compensating for-ORNL's

site conditions, require the use of more land area per unit volume of waste.

This is compounded by a lack of ultimate volume-reduction capability for some

waste forms.
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3.2.4.2 Liquid Radioactive Waste Management
Liquid LLW Collection

A complete assessment of the underground collection system piping cannot be
made due the lack of complete historical information on the atlas drawings.
However, much of the vitrified clay pipe was installed more than 30 years ago,
and there are indications that the system is leaking. The resultant in-leakage
and out-leakage create several undesirable conditions. In-leakage increases
the load om process équipment, and hence, operating costs. ”Uncontrolled and
unmonitored out-leakage is not consistent with-ALARA philosophy. The ability
to quantify these conditions in the system is inadequate.

ORNL DWG 81-23537
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3.2.4.3 Liquid Radioactive Waste Management
Liquid LLW Processing

Process Waste Basin 3524 and Process Waste Ponds 3539 and 3540 may not be in
full compliance with ALARA criteria. Being uncovered, they allow contamination
to be spread by animals and insects that come in comtact with the contents.
Wind also picks up and spreads dried material from the banks of the ponds.
Eiposed to the elements, precipitation is collected in these areas, adding to
the load on the LLW processing equipment. Uncontrolled evaporation releases
radionuclides to the atmosphere. Those basins that are unlined may also allow

radionuclides to migrate to the ground water.

ORNL DWG 81-23538
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+ 3.2.4.4 Liquid Radioactive Waste Management
Liquid LLW Sludge Disposal

Although lined, the use of open pits is not an acceptable long-term practice
for LLW sludge disposal. Both the NRC and the DOE consider it is non=-ALARA
because of the potential for uncontrolled and unmonitored releases of

contaminated matérial into the environment.

ORNL DWG 81-23539
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3.2.4.5 Liquid Radioactive Waste Management
Liquid LIW - Contaminated O0il Disposal

In the long term, the present practice of disposing contaminated oil in tanks
is not practical or safe. Large quantities of contaminated oil are a fire
hazard in themselves, and the danger is compounded by the uncontrolled
quantities of radiation that would be carried into the atmosphere with the
combustion products. Burial would not be an acceptable disposal technique if
commercial shallow land burial guidelines were followed, since these facilities

do not accept waste containing more than one percent oil.

ORNL DWG 81-23540
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3.2.4.6 Liquid Radioactive Waste Management
Liquid LLW - Discharge/Recycle

The processing of LLW at ORNL results in a total yearly discharge well within
the guidelines set by the NRC. However, since it may be cost-effective to

recycle this treated water for reuse, even the small quantities of activity now
being released from the LLW system may not be ALARA.

ORNL DWG 81-23541
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3.2.4.7 Liquid Radioactive Waste Management
Liquid ILW Collection '

The integrity of the 304SS piping in this‘system is suspect due to the
corrosive effects of both the internal and external environment over the past
30 to 40 years. Internally, the piping is exposed to a wide range of acid/
caustic conditions. Externally, the piping is in direct contact with the soil
without benefit of cathodic protection. At times it is also in direct contact
with ground water. The buried intermediate holdup tanks are subject to the
same conditions. Some tanks and piping have already failed. This situation
could lead to uncontrolled and unmonitored releases that are not within ALARA
guidelines.
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3.2.4.8 Liquid Radioactive Waste Management
Liquid ILW Sludge Disposal

For a number of years, hydrofracturing has been used to dispose of all ILW
wastes at the Laboratory. There is a possibility that future regulations may
restrict or prohibit the continued use of this technique. Should this occur,
ORNL's operations would be severely disrupted until an alternate disposal

' technique were available.
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3.2.4.9 Liquid Radioactive Waste Management
Liquid HLW Classification

DOE'S definition of HLW is imprecise. Classification of a particular waste has
a direct bearing on the collection, processing, storage and disposal techniques
that will be applied to it. Each of these techniques, in turn, has its
associated cost. If a classification is not more precisely defined and not
uniformly adopted, insufficient safeguards could-be applied under certain
conditions, and unnecessary costs could result by applying overly conservative

safeguards in others.

ORNL DHG 81-23544
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3.2.4.10 Gaseous Radioactive Waste Management
GRW Collection/Discharge

The off-gas and cell ventilation equipment at the base of Stack 3039 is
outmoded and in a general state of disrepair. The above-ground portion of the
ductwork is known to be failing, and it is suspected that the below-grade
portions of both ventilation ductwork and off-gas piping are also failing.
Leakage into the ductwork could cause a hazardous buildup of airborne
contamination in respective source generator buildings by displacing part of
the air volume that should be drawn from the building. -- Leakage out of the
pressurized, above~ground portions of the system could also result in hazardous
conditions. Present design and layout of portions of the system may not
conform to ALARA criteria.
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3.2.4.11 Discharge Monitoring/Control
Front End Radiation Monitoring Equipment

The existing radiation monitoring equipment provides qualitative rather than
quantitative measurements. The detectors do not provide sufficient sensitivity
and lack dynamic range capability. In general, equipment capabilities and
installation do not conform with accepted industry standards.
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3.2.4.12 Discharge Monitoring/Control

Interface with Data Acquisition System

The modernization of the existing DAS has a direct impact on future upgrade
projects relating to radiation detection. The full capabilities of the actual
measuring devices may be restricted if the new digital DAS canmot process the
various input signals. Presently, 'system talk' is not possible due to the
electronic incompatibiiities between the new DAS and other new WOCC digital

systems.
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3.2.4.13 Discharge Monitoring/Control

Report Generation

Future regulations (such as R.G. 1.47) will require generation of numberous
reports containing substantial data, calculated exposure, etc. These reports

will require increased manpower to generate by hand.

ORNL DWG 81-23548
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3.2.4.14 Discharge Monitoring/Control
Miscellaneous 0ff-Gas Release Points

There are numerous local release points that are not monitored, making it
difficult to demonstrate quantitatively that the total release from the site is
in compliance with reporting requirements. Available data is not sufficient to

determine the adequacy of monitoring/cleanup provisions for these miscellaneous

points.
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3.2.4.15 General Waste Management
Facilities Comsolidation

Processing, storage and disposal facilities are widely separated. This
increases the risk of personnel exposure and activity releases which are not
consistent with ALARA philosophy. This arrangement has also led to increased

capital, operating and maintenance costs.
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3.2.4.16 General Waste Management
Interface with Future D& Projects

Several D&D projects at ORNL have been planned by DOE. These activities would
pose major packaging and handling difficulties for ORNL. They could adversely
affect waste management as a result of additional personnel exposure,
incompatibilty of wastes with process equipment, ground water or airborne
activity releases while handling wastes, and iﬁcreased demand on waste
collection/processing/storage/disposal capabilities.
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3.2.4.17 General Waste Management
Waste Generator Interface

It is expected that waste processing costs will escalate as more stringent
environmental regulations are enforced. The liquid waste collection system
does not have the capability to ponitor or control the waste quantity and type
produced by each project (generator). This makes it difficult for waste
maﬁagement operations to process these wastes in the most cost-effective

manner, or to associate these costs with a particular waste generator.
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3.2.4.18 General Waste Management
Design Documentation (Configuration Management)

A necessary tool for managing the operation of the system is a complete system
design information upon which decisions can be based. Design documents in some
areas are inadequate for understanding how the system is designed, evaluating
performance of the system, and assessing conformance of the system to current
safety/regulatory practices. Documentation is at times imaccurate or
incomplete. No standard format for presenting, recording, maintaining and
updating documentation is available. Semiannual records keeping further

complicates retrieval for review/revision.
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3.2.4.19 General Waste Management
ALARA Program

Although quantitative ALARA guidelines are lacking for ORNL, certain conditions
exist at ORNL which will make compliance with any that are developed more
difficult. Obstacles to full compliance include: a) large volumes of waste;
b) high activity levels of some wastes; c) physical separation between
facilities; d) deteriorating condition of some older facilities; e) outmoded
design of some older facilities; and f) expansion of non-nuclear R&D work in

recent years.
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3.3 IMPROVEMENT PROGRAM SCHEDULE

In Section 3.0 of Appendix B, preliminary scheduling information is presénted
and discussed for each recommended improvement project. In this section, a
preliminary milestone schedule (Figure 3.3~1) is developed which shows the
schedule duration and breakdown for major portions of each of these projects.
Interdependencies between projects that were discussed in Appendix B are shown
as dotted line constraints in Figure 3.3-1.

The time scale in Figure 3.3-1 is in months. Time durations for specific
projects range from one to 48 months. No specific calendar years are
associated with the start of any projects because of the preliminary nature of
this planning effort and because of a lack of knowledge or control over other
ORNL project plans, budget levels and manpower resources. For similar reasons,

the starting point for all projects is the same. After the final selection of

improvement projects and determination of priority levels, this schedule would -

be revised to show logical series relationships between projects. Further
iterations would be made once expected annual funding and manpower levels have
been established.
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4.0 COST_ESTIMATES

4.1 COST ESTIMATING METHODOLOGY

The cost estimates in this study report are budgetary program cost estimates
for the purpose of providing relative order-of-magnitude estimates for program
planning purposes. Each of the recommended improvements is treated as a
project, and is broken down to differentiate between Engineering, Capital
Equipment and Construction. As more detailed project definition is developed,
the cost estimates will be refined. A cost estimate code is used to identify

the confidence level for the estimates in this report.

This report contaims two types of cost estimates:

Code Type of Cost Estim#te
A Planning Cost Estimdte (preconceptual)
B Conceptual Design Cost Estimate (conceptual)

As used in this report, these are defined as follows:_

o Planning Cost Estimate - budgetary estimate of total project costs which

is developed during the early definition phase without benefit of design
information. It is based on definition of the problem or mission,
technology status ‘and recommended technical approach. It may be based on
a similar or comparative case. The planning cost estimates used in this
report are accurate within 100 to 300 percent.

o Conceptual Design Cost Estimate - based on Conceptual design information,

and is slightly more refined than the planning cost estimate. The
conceptual design cost estimate as used in this report is accurate within
50 to 100 percent.

4.1-1




4.1-2

ihese two cost estimates and their definitions are consistent with UCC-ND
Engineering Procedures EP-B-09 "Cost Estimating for Construction Projects."
This procedure also defines several more highly refined cost estimates such as
(C) Title I Design Cost Estimate and (D) Title II Design Cost Estimate. These
are based on design information produced by the design phases of the projects.
It is not expected that cost estimates in this report will be finmer than
conceptual since no design information is available for any of the recommended

improvements.
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4.2 IMPROVEMENT PROJECT COST ESTIMATES

The estimated costs of the recommended improvements are shown in the tabulation
of Table 4.2-1. Each recommended improvement is treated as an individual
improvement project. Each of these improvement projects are estimated without
regard for economies which may be available through combinigg similar, or

interfacing improvements. These considerations will be made as the work scope
definitions and the conceptual schedules of the projects evolve. Each project

is broken down into four broad scope categories: 1) Studies and Surveys,

2) Sitework, 3) Facilities, and 4) Equipment. The cost estimate confidence-level
code defined in Subsection 4.1 is then assigned. Where information is available,
the costs of these scope categories are further brokem out as applicable by
Engineering & Design, Capital Equipment & Materials, and Construction which
includes installation of equipmenﬁ. Engineering & Design are estimated in

hours and 1981 dollars; Capital Equipment & Material and Construction are .
estimated in 1981 dollars.
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TABLE 4.2-1

ORNL RADWASTE MANAGEMENT PROGRAM
IMPROVEMENT PROJECTS COST ESTIMATES ($K)

\

Reference
Subsection Est. Engrg. & Design
Appendix B Project Title Code Hours Dollars Capital Constr. Total

Corrections to
Existing Burial
3.1.1.2.1 Trenches

Studies & Surveys A 200 10 10 30 50
Sitework
Facilities
Equipment
Total 20

. Future SWSA
3.1.1.2.2a Construction

Studies & Surveys A 4,000 200 200
Sitework A 4,000 200 100 500 800
Facilities '
Equipment

Total 1,000

3.1.1.2.2b VR Feasibility

Studies & Surveys A 3,000 150 150
Sitework
Facilities
Equipment
Total 150



Reference

Subsection

Appendix B

3.1.1.2.2¢

3.2.1.2.1

3.2.1.2.2

4.2-3

TABLE 4.2-1 (Cont'd)
ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECTS COST ESTIMATES ($K)

Est. Engrg. & Design
Project Title Code Hours Dollars Capital Constr. Total
Centralized
Incinerator
Studies & Surveys
Sitework
Facilities . A 50,000 2,500 6,000 6,500 15,000
Equipment
Total 15,000
Survey LLW
Collection System
Studies & Surveys A 1,000 50 50
Sitework
Facilities
Equipment
Total 20
LLW Collection System
Water Balance
Studies & Surveys A 1,000 50 50
Sitework
Facilities
Equipment 15 35 50
Total 100
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Reference
Subsection
Appendix B

4.2-4

TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECTS COST ESTIMATES (3K)

Project Title

3.2.1.2.3

3.2.2.2.1

3.2.2.2.2

LLW Collection
System Corrections

Studies & Surveys
Sitework
Facilities

Equipment

Total

Survey LLW
Collection Ponds

Studies & Surveys
Sitework
Facilities

Equipment

Total

Line/Cover LLW
Collection Ponds

Studies & Surveys
Sitework
Facilities

Equipment

Total

Est. Engrg. & Design

Code Hours Dollars Capital Constr. Total
A 500 25 25
135 640 800 1,575
1,600

A 500 25 25
A 2,000 100 50 150
175

A 500 25 25
20 20

A 35 127 168 330

"~
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM
IMPROVEMENT PROJECTS COST ESTIMATES ($K)

Reference )
Subsaction Est. Engrg. & Design
Appendix B Project Title Code Hours Dollars Capital Constr. Total

Decommission LLW
3.2.3.2.1 Sludge Disposal Pits

Studies & Surveys A 2,000 100 50 150
Sitework (1)
Facilities
Equipment

Total 150

(Survey Only)

Alternative LLW
3.2.3.2.2 Sludge Disposal Method

Studies & Surveys A 2,000 100 100

Sitework

Facilities

Equipment A 750 750
Total 830

Contaminated 0il Via
3.2.4.2.1 Hydrofracture Facility

Studies & Surveys
Sitework
Facilities
Equipment
Total A 10(2)

Notes:

1. Decommission cost for each pond ranges from $35,000 to $750,000. Outcome of survey
required to estimate project cost for decommissioning all pits.

2. Operating cost for disposal of current inventory. )
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM
IMPROVEMENT PROJECIS COST ESTIMATES ($K)

Reference
Subsection Est. Engrg. & Design
Appendix B ° Project Title Code Hours Dollars Capital Comstr. Total

Processed LLW
3.2.5.2.1 Recycle Study

Studies & Surveys A 1,000 50 50
Sitework
Facilities
Equipment
Total 30

Recycle Water
3.2.5.2.2 Storage Distribution

Studies & Surveys

Sitework
Facilities (1) A 200 10 50 40 E 100
Equipment
Total 100
Replace ILW Tanks and
3.2.6.2.1 Pressurized Drain Lines
Studies & Surveys
Sitework .
Facilities B 60,000 3,913 4,435 6,652 15,000
Equipment
Total 15,000

Notes

1. For new reservoir. Use of gunite tanks would require less expenditure. Cost of
distribution system cannot be determined without more information on reuses.

s
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Reference

Subsection

Appendix B

3.2.6.2.2

3.2.6.2.3

3.2.7.2.2

Notes:

4.2-7

TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECTS COST ESTIMATES (3K)

Project Title

Consolidated ILW
Tanks and Replace
Gravity Drain Lines

Studies & Surveys
Sitework
Facilities
Equipﬁent

Total

Alternative ILW
Replacement Schemes

Studies & Surveys
Sitework
Facilities

Equipment

Total .

Design Alternate ILW

Est. Engrg.
Code Hours

& Design

Dollars Capital Constr.

Total

A 50,000

A 2,000

Solidification Scheme (1)

Studies & Surveys
Sitework
Facilities
Equipment

Total

A 5,000

1. May be worked in conjunction with 3.2.3.2.2.

2,500 3,000

100

250

4,500

50

10,000

10,000

100
50

250

B



Reference
Subsection
Appendix B
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECIS COST ESTIMATES ($K)

Project Title

3.2.8.2

3.3.1.2.1

3.3.1.2.2

Development of HLW
Classification System

Studies & Surveys
Sitework
Facilities

Equipment

Total

GRW System Upgrade

Studies & Surveys
Sitework
Facilities

Equipment

Total

Survey GRW
Collection System

Studies & Surveys
Sitework
Facilities

Equipment

Total

Est.

Engrg. & Design

Code Hours

Dollars Capital Constr. Total

A

>

10,000

1,000

2,000

500

50

1,394

100

500

=

) 50
1,025 1,025
1,712 2,569 5,675

6,750

—
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM
IMPROVEMENT PROJECTS COST ESTIMATES ($K)

Reference
Subsection Est. Engrg. & Design
Appendix B Project Title Code Hours Dollars Capital Constr. Total

Specifications for
. Improved Monitoring
3.4.1.2.1 Equipment

Studies & Surveys A 2,000 100 100
Sitework
Facilities
Equipment
Total 100

Replacement of
Front<End Radiation
3.4.1.2.2 Monitors ,
Studies & Surveys
Sitework
Facilities
Equipment A 1,250

Total 1,250(1)

Incorporate Report
3.4.3.2 Generation Capability

Studies & Surveys - A 1,000 50 : 50
Sitework
Facilities
Equipment
Total 20

Notes:

1. Budgetary figure. Results of evaluations in 3.4.1.2.1 are needed to determine
replacement ‘costs more accurately.
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECTS COST ESTIMATES ($K)

Reference
Subsection
Appendix B Project Title
Improve Monitoring/
Reporting of Local
3.4.4.2.1 Releases
Studies & Surveys
Sitework
Facilities
Equipment
Total
Additional Monitors
3.4.4.2.2 for Local Releases
Studies & Surveys
Sitework
Facilities
Equipment
Total
Facilities
3.5.1.2 Consolidation Plan
Studies & Surveys
Sitework
Facilities
Equipment
Total
Notes

Est.

Engrg. & Design

Code Hours Dollars Capital Constr. Total
A 2,000 100 100
100
)
A 25/unit
(1)
A 2,000 100 100
100

II

1. Total cost of additional monitors is dependent on outcome of study in 3.4.4.2.1.



Reference

Subsection

Appendix B

3.5.2.2.1

3.5.2.2.3

3.5.2.2.4

4.2-11

TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECIS COST ESTIMATES ($K)

Project Title

D& Project
Data Acquisition

Studies & Surveys
Sitework
Facilities

Equipment

Total

Alternate Reuses of
Surplus Facilities

Studies & Surveys
Sitework
Facilities
Equipment

Total

Impact of D&D on
Radwaste Facilities

Studies & Surveys
Sitework
Facilities

Equipment

Total

Est. Engrg. & Design
Code Hours Dollars Capital Constr. Total
A 6,000 300 300
300
A 2,500 125 125
125
A 1,500 75 75
5

< e
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM
IMPROVEMENT PROJECTS COST ESTIMATES ($K)

Reference
Subsection Est. Engrg. & Design
Appendix B Project Title Code Hours Dollars Capital Constr.

Total

Data Acquisition
System for Waste
3.5.3.2.1 Inoputs

Studies & Surveys

Sitework ‘

Facilities A 3,000 150 - -
Equipment

Total

Upgrade Existing
3.5.4.2.1 Design Documentation

Studies & Surveys

Sitework

Facilities A 6,000 300
Equipment

Total

Computerize Design
3.5.4.2.2 Documentation System

Studies & Surveys

Sitework

Facilities A 4,000 200
Equipment

Total

150

£

300

200

=

A
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TABLE 4.2-1 (Cont'd)

ORNL RADWASTE MANAGEMENT PROGRAM

IMPROVEMENT PROJECIS COST ESTIMATES ($K)

Reference
Subsection Est. Engrg. & Design
Appendix B Project Title Code Hours Dollars Capital Constr. Total
Set Up Dual Record
3.5.4.2.3 Keeping System
Studies & Surveys A 1,000 50 50
Sitework
Facilities (1)
Equipment
Total 20
TOTAL COST OF
IMPROVED PROJECTS 60,000

Note:

1. Follow-on duplication of records cannot be estimated until completlon of survey

of existing records.




APPENDIX A

DESCRIPTION OF EXISTING RADWASTE
MANAGEMENT PRACTICES/FACILITIES

The major sources of radioactive waste, existing process facilities, and curreat
operating practices for managing and controlL;ng liquid, solid, and gaseous waste
products are described in this Appendix. The purpose of this Appendix is to
present a general descriptive background or data base for ORNL's radioactive
waste-management operations so that a better appreciation can be gained for the:
suggested improvement projects presented in Section 3.0 of Appendix B. The
following is a brief discussion of the salient features of the present ORNL
radwaste management operation. Detailed descriptions are provided in the

referenced documentation.

A.0-1
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A.1-1

1.0 WASTE GENERATING PROCESSES AND RELEASES

1.1 GENERAL

ORNL generates radioactive waste in solid, liquid and gaseous form. In -
comparison to a commercial nuclear power plant facility, relatively large amounts
are produced in each of these categories as listed in Table A.1-1. For each of
these categories, there are also a large number of generators located in many
different areas and producing wastes of widely varied content. In most cases,
the only available information on waste quantities and characteristics is for a
mixture of waste generated in a particular area or facility. Detailed
qualitative and quantitative information is readily available for specific waste

generator.

1.2 CURRENT MAJOR SRW GENERATORS

SRW is classified by physical characteristics, by type of contamination and by
the extent of contamination. For purposes of handling and storage, there are

three basic categories of SRW, defined (Binford and Gissel, 1975) as follows:

o Transuranic Waste (TRU) - contains more than 10 pCi/kg of certain alpha

emitting radionuclides of long half-life, including U-233, Plutonium, and
transplutonium nuclides. These wastes are primarily a result of activities
in the TRU processing facility and fuel reprocessing operations. Because of
storage requirements, they are further classified as combustible or
non-combustible. In most instances, these wastes also have beta-gamma
activity associated with them, and in some cases, neutrons are present as a

result of spontaneous fission. ’

0 U-235 Waste - waste that contains one-gram or more of fissionable material
regardless of concentration, or more than one-gram/ft3 of the same material,
regardless of quantity. Primarily this consists of U-235 contaminated
material originating from various metallurgical operations, residues from
instrument applications, hot cell applications and various research and

analytical activities.
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o General SRW - all solid waste not included in the previous two categories.
This waste contains beta-gamma and/or non-fissile alpha activity and
originates in many locations within the laboratory complex. By far, this
category contains the bulk of the waste generated at the laboratory. For
handling purposes, this waste category is further divided into "low-level"
waste (<200 mr/hr on contact) and "high-level" waste (>200 mr/hr on
contact). The low level part is segregated still.further into compactible
and non-compactible portions.

The solid radwaste in each of the above categories varies widely in physical
makeup. The largest volume is "laboratory trash," consisting of glassware,
paper, rags and similar materials. Other contributors include process wastes
(filters, spent ion exchange resins, etc.), contaminated equipment items (tanks,
piping, valves, instruments, etc.) and contaminated soil or building materials
resulting from process leaks or spills. A breakdown for general category SRW
produced at ORNL is listed in Table A.1-2. The average composition for the
combustible portion of this wgste category is given in Table A.1-3. Curreat and
projected volumes and activity content for retrievably stored SRW produced at

ORNL are presented in Tables A.l1-4 and A.1-5, respectively.
1.3 CURRENT MAJOR LRW GENERATORS

LRW is classified by activity level and by source for purposes of collection,
processing and disposal. There are four principal categories of liquid waste
generated at ORNL. These are high-level, intermediate level, low-level and
transuranic wastes. The sources for each of these categories are described

below:

High level waste - defined in DOE manual as the aqueous waste resulting from the

operation of the first-cycle extraction system, or equivalent concentrated wastes
from subsequent extraction cycles, or equivalent wastes from a process not using
solvent extraction in a facility for processing irradiated reactor fuels. The
principal sources of HLW at ORNL are the Pilot Plant (Building 3019), the Fission
Product Development Laboratory (Building 3517) and the Transuranium Facility.
Very little HLW has been generated at ORNL in the past and none is being produced

v
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currently. At present there are several thousand gallons of "high level"

transuranic waste stored in underground tanks adjaceat to Building 2531.

Intermediate level waste - This designation is an informal one used at ORNL to

categorize low-level liquid wastes which are segregated for processing purposes.
These wastes consists of "hot" sinks and other process drains from

R&D laboratories, pilot plants and research reactors. There is no rigorous
definition of ILW; however, it is generally agreed that the upper limit on
beta-gamma activity level for ILW is 5.3 Ci/liter. The average activity level in

the ILW after collection and intermixing is about 8 mCi/liter.

The major radionuclides present in the ILW are Sr-90 and Cs-137, with lesser
amounts of Co-60, Ru-106 and various rare earths. The ILW contains small amounts
of organic material but consists primarily of aqueous waste solutions. As
generated, these wastes are usually nitrate solutions, but in the intermediate
collection tanks, sodium hydroxide is added to neutralize any acidic conditionms.
Therefore, when these wastes reach the ILW processing system, they are normally a
mixture of dilute sodium hydroxide and sodium nitrate. Together, these compounds
account for 75 percent of the total chemical content of the dilute ILW. Total
solids concentration in the dilute ILW ranges from 5,000 to 10,000 ppm.

Over the past 10 years, an average yearly volume of 7.2 x 106 liters of liquid
ILW has been generated. Typical volumes, activity levels and chemical
constituents for the major liquid ILW contributors are listed in Tables A.1-6 and
A.1-7. .

Most ILW is in liquid form. However, there is also a substantial amount of ILW
sludge that precipitates out of the liquid ILW before this waste stream leaves
the intermediate collection tanks ahead of the ILW evaporator facility.
Currently, there are approximately 1.2 x 106 liters of this sludge stored in the
gunite storage tanks. An additional 3.8 x 104 liters of sludge are produced each.
year. Typical chemical and radiological characteristics for this sludge are
listed in Table A.1-8.

FECTA NP A G0 A ANy £ S S L S A SR A U U I B MO M
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Low-level waste - consists primarily of drains that are normally not radioactive,

such as floor washdown, steam condensate and process vessel cooling water. The
only LLW streams that are normally radioactive are distillate from the ILW
evaporator and runoff from certain contaminated areas such as the ILW
collection/storage tank farms. A large portion of the total LLW input volume is
unwanted rainwater and groundwater intrusion.

As in the case of HLW and ILW, the individual sources of LLW are normally not
monitored or sampled. However, as shown in Figures A.2-3 and A.2-4, flow and
activity monitors are provided in the LLW drain headers leading from major areas
of the laboratory to the LLW processing system. For each of these areas,

Table A.1-9 presents the average yearly volume and activity level of waste water
collected during the past ten years. Over this reporting period, ORNL has

produced, on the average, 6.3 x 105

liter/day of LLW, containing

6.5 x 10.5 uCi/cc of gross beta activity. The portion of this activity released
to the environmment after processing is indicated in Figures A.1-1 and A.1-2. The
chemical makeup of this waste, after intermixing, is typically as listed in

Table A.1-10.

Transuranic waste - consists primarily of process drains from the transuranic

process area (7900 Area). By defimition, TRU waste is that which contains or is
assumed to contain more than 10 pCi/kg of alpha-emitting, long half-lived and
highly radiotoxic transuranium elements (i.e., elements above uranium in the
periodic table having atomic numbers greater than 92). The radionuclides
included are U-233 (with its daughter products), plutonium, and transplutonium
nuclides except Pu-238 and Pu-241 (Pu-238 and Pu-241 should be handled as
transuranium-contaminated waste when so indicated by PU-239 impurities or when
required by local burial criteria). The rate of TRU waste genmeration has varied
from 38,000 to 212,000 liter/yr. This waste type is administratively segregated
in the transuranium process area and then drained to a new doubly contained
38,000 liter tank (W-20). Although segregated in this manner for collection and
sampling, it is eventually pumped to the ILW evaporator feed tanks, where it is
diluted by other ILW feed streams and loses its identity as TRU waste.

fL
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1.4 CURRENT MAJOR GRW GENERATORS
GRW is classified by activity level, quantity and source for purposes of
collection and processing prior to disposal. The three principal categories of
GRW are hot off gas, cell ventilation and alpha enclosure ventilation.
0 ‘Hot off gas - low flow gaseous exhaust from primary work spaces whefé
radioactive emission would normally be expected, such as tanks, evaporators

and other process vessels.

o Cell ventilation - high flow gaseous exhaust from large volume, limited

access areas such as hot cells, equipment cubicles and other containment

zones. Normally, little or no activity is expected in this waste stream.

o Alpha enclosure ventilation - intemmittent exhaust from enclosed work spaces

such as glove boxes, where highly toxic alpha emitters are handled.

GRW generators are located in many areas of the laboratory complex. Depending on
their location, they are either vented locally or sent to central facilities for
processing and disposal. Little data is available for locally vented gaseous
waste. For the waste processed centrally, sample data is collected and reported
regularly, but only after intermixing of all waste contributors. A summary of
the total reported releases from the site for the past 20 years is listed in
Table A.1-11. Typical annual quantities of activity discharged from each major
release point are listed in Table A.1-12.

1.5 FUTURE RADWASTE GENERATORS

Over the next 20 years, it is not anticiéated that the amount of radioactive
waste produced by R&D work and pilot plant projects Qill vary greatly from what
is currently being produced. When sizing the new hydrofracture facility, it was
assumed that there would be some new pilot plant projects in the future that
would produce an estimated 18,900 liters of waste per vear. The activity level
of this hypothetical waste stream was conservatively assumed to be 8.5 Ci/liters.
A detailed breakdown of radionuclides in this waste stream is given in

Table A.1-13.
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Over the next 10 to 20 years, additional waste will also be produced by planned
D&D projects, although the radionuclides contained im this future waste will
consist of "old" radionuclides (in that this activity is already in existence and
is merely being transferred/transformed from one location or physical form to
another location or physical form.) One such D& waste stream that is well
defined is the gunite tank sludge discussed previously. Another is the sludge in

Settling Basin 3513, which contains approximately 3,200 m3

of sludge having a
bulk density of 1.2 gm/cc. Activity concentrations for these waste streams are

given in Table A.1-13.

Additional D&D wastes will be generated as a result of DOE's surplus facilities
decommissioning program. Quantities and characteristics for these wastes are not

well defined as yet. Preliminary SRW volume estimates are given in Table A.1-14.

N
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TABLE A.1-1 COMPARISON OF ORNL WASTE QUANTITIES
WITH THOSE OF. TYPICAL 1000 MWe, LIGHT WATER REACTORS

~ ORNL %__L a2 PWR
WASTE CATEGORY M /yr Ci/yr M /yr Ci/yr M /vy Ci/yr
SOLID WASTE (1)) (%) 3,000 20,000 1,500 8,000 500 2,000
LIQUID WASTE®)
(Before Processing) 240,000 44,000 40,000 1,400 7,600 200
caseous 3 67,000 - 4x10° - 200
NOTES:
1. Solid waste is volume as shipped for commercial sites and as disposed of for

ORNL. Because some portions of the solid waste are a result of processing
liquid wastes, a portion of the reported activity is repeated under liquid
wastes.

Solid waste quantities for BWR/PWR's are averages for operating plants,
pro-rated to 3400 MWt and 80 percent plant availability factor (Phillips and
Gaul, 1977).

Liquid waste quantities for BWR's are derived from ANSI-N197. Those for
PWR's are derived from ANSI-N199. ORNL liquid waste quantities are average
values derived from Tables A.1-6 and A.1-9.

Solid waste quantities for ORNL are ten year averages for amount buried or
stored between 1969 and 1978 (see Table A.3-1). During this period the
stored or buried corresponds to the amount generated since no volume
reduction (i.e. compaction) was practiced on solid waste generated during
that time span.

ORNL gaseous waste quantities are average values derived from Table A.1-11.
Those for BWR/PWR's are averages for operating plants, pro-rated to 3400 MWt
(Blomeke and Harrington, 1968).
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TABLE A.1-2 ANALYSIS OF GENERAL CATEGORY SRW PRODUCED AT ORNL(D)

VOLWME (M3 /yr) ACTIVITY (Ci/M)

DESCRIPTION <200 Mr/hr >200 Mr/hr <200 Mr/hr >200 Mr/hr
Combustible 425 70 .016 35.3
Noncombustible 170 ’ 11.8

a. Metal 570 - .64 -

b. Glass 60 - .64 -
Other noncombustible

(soil, concrete,

bldg. rubble, etec.) 595 - .67 -
Other innocuous waste 110 - Negligible -
Subtotals 1,760 240 0.45 (avg) 19 (avg)
TOTAL VOLUME = : 2,000 M3/yr
AVERAGE TOTAL ACTIVITY = 2.7 ci/M>

NOTES:

1. Figures are average values derived from Dumont, 1980.
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TABLE A.1-3 AVERAGE COMPOSITION OF GENERAL CATEGORY COMBUSTIBLE SRW(Z)

PERCENT
OF TOTAL
VOLUME composTION D
75 Paper and cloth (shirts, coveralls, cotton mop heads, etc.)
20 Plastic (assumed to be PVC requiring off-gas removal of chlorides)
3 Rubber (stoppers and tubing), leather (shoes) and wood (filter
frames, etc.)
1 Metal (nails, buttons, snaps and zippers)
<1 Glass (bottles, tubing and lab ware)
<1 Organic liquid and other miscellaneous materials
NOTES:

1. Bulk density ranges from 0.054 to 0.082 gm/cc.
2. Values taken from Stang, 1980.
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TABLE A.1.5 CURRENT AND PROJECTED ACTIVITY OF DOSE
SIGNIFICANT ISOTOPES IN RETRIEVABLE TRU WASTE(Z)

Activity Projected
Stored Through Activity Stored
. 1979 in 1995
Storage Type Isotope (Ci) (Ci)
Druns Am-261 1.137E + 04(1) 2.8E + 04
C£-252 2.800E + 05 1.1E + 05
Cm-244 2.117E + 05 3.4E + 05
Pu-238 7.766E + 03 1.8E + 04
Pu-239 1.508E + 02 3.8E + 02
Pu-240 1.153E + 02 8.0E + 02
Buried Casks ., Cf-252 6.672E + 04 1.3E + 03
Cn~244 . 1.279E + 05 5.9E + 04
Pu-239 1.230E + 01 1.2E + 01
Pu=-240 - 1.8E + 02
Stored Casks C£-252 - 2.5E + 04
Cm=-244 - 1.4E + 05
Pu~239 - 1.9E + 01
P?-240 - 1.4E + 02
Lined Wells Cm=-244 5.08E + 02 8.1E + 02
Pu-239 2.20E + 01 5.5E + 01
Pu-240 - ' 1.2
NOTES:

1. 1.137E + 04 same as 1.137 x 104

2. Values taken from Ellis, 1980.
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TABLE A.1-7 TYPICAL COMPOSITION OF LIquid Irw(l)

CHEMICAL/RADIONUCLIDE

NOTE:

1.

Composition
(De Laguna, 1968).

NaOH
NaNO3
N32504
Al (N03)3
NH4N0
NaCl

3

Co=-60

Sr-90
Zr-95/Nb=-95
Ru-106 :
Cs-137
Ce-144

CONCENTRATION

MOLES/LITER pCi/liter
0.22
0.32
0.04
0.02

0.2

0.006

- 2.8 x 1073

- 6.5 x 107}

- 8.3 x 107!

- 2.9 x 1073

- 5.9 x 10”2

- 3.5 x 1077

after collection, pH adjustment and intermixing of all sources
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R

TABLE A.1-8 COMPOSITION OF ILW COLLECTION TANK SLUDGE(I)

ELEMENT (%) VT % uCi/ce
i 1.5 to 22.9 -
Th 0.8 to 14.2 -
Al 1.0 to 10.3 -
Ca 2.9 to 10.3 -
Fe 1.0 to 18.5 -
Pb Neg. to 4.0 -
S Neg. to 3.7 -
P Neg. to 1.7 -
C1 0.7 to 2.7 -
Na Small -
Sr-90 Small 400 to 660
Cs-137 Small ‘ 50 to 75
Cm=-244 Small 10 .
Pu-239 Small 0.2 to 0.3 ‘.J
Density 2.0 gm/cc
NOTES:
1. Composition is an average based on samples from sludge now in gunite

tanks collected over past 35 years (Ehrlich and Weeren, 1979). Depending
on nature of current R&D programs, sludge produced today can vary

considerably from this norm.

2. List of elements contained in sludge is not complete. Method of analysis

used did not detect hydrogen, nitrogen, carbon or oxygen.
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TABLE A.1-10 TYPICAL COMPOSITION OF LIQUID LLw‘!)

Chemical/Radionuclide Concentration
pH -7 to 8

Total Hardness 100 - 120 ppm
Calcium Hardness 60 - 85 ppm
Total. Alkalinity 80 - 95 ppm
Calcium 20 - 30 ppm
Magnesium 2 - 10 ppm
Sodium 25 - 30 ppm
Uranium <0.01 ppm
Copper 0.05 ppm
Aluminum 0.01 ppm
Silicon 2.6 ppm
Iron 0.1 . ppm
Nickel 0.03 ppm
Chromium 0.05 ppm
Dissolved CO2 10.0 ppm
Bicarbonate 50 - 80 ppm
Carbonate <1.0 ppm
Phosphate 0.89 - 3.3 ppm
Sulfate 12 ppm
Fluoride 7 ppm
Nitrate 26 ppm
Chlorine 5 ppm
Total Solids 180 ppm
Gross Beta .5 x 10-5 HCi/cc
Co-60 6 % 10.7 puCi/ce
$£-90 6 x 1072 uCi/ce
Ce-137 4 x 107 pcifce
Eu-154 3 x 1077 uCi/cc
NOTE: )

1. Composition is for mixture of all sources after collection in Equalization

Basin (Costomiris, 1980).

»
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TABLE A.1-11 SUMMARY OF ANNUAL GASEQUS RELEASES(I)

Total Activity Released (Ci/yr)

Noble Other (primarily

Year Gases Tritium Particulate I-131
1970 <8.4 x 10% - 0 3.5
1971 <8.0 X 10° - 0 3.5
1972 <8.4 x 10° - 7x 1073 1.6
1973 <7.6 x 10° - 5% 1073 2.2
1974 <10.7 x 10% 60.2 5% 1073 1.9
1975 <9.7 x 10° 36.8 9 x 1073 2.0
1976 <6.7 x 10° 19.2 6 x 1073 <1.2
1977 <4.8 x 10% 26.0 2 x 1073 <1.3
1978 <6.4 x 10 14.8 3 x 1073 <1.7
1979 <6.4 x 10% - 2 x 1073 <0.4
NOTES:

1. Values derived from Fisher, 1970.
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TABLE A.1-13 ESTIMATED ACTIVITY/VOLUME OF FUTURE ILW INPUTS

Specific Activity (uCi/ce)
Pilot Plant Basin 3513 Gunite Tank

Radionuclide 23555(1) §;gggg(2) §l§9§2(3)
Sr=90 1.32x 100 1.05x 1072 5.5 x 102
Y-90 1.32 x 10° - -
Ba-137H 1.22 x 10° - -
Cs-137 1.32 x 10° 6.3 x 1072 65
Ce-144 74 x 10° - -
Pr-144 .74 x 10° - .
Pm-147 1.82 x 10° - -
Pu-239 2.64 x 1072 1.6 % 1073 0.25
Cm=-244 6.6 - 10

Total Activity 6.27x 105 7.5x 1072  6.15 x 10°

Annual Volume (liter/yr) 1.9 x 104 - -

Total Volume (liter) - 3.2 2 106 1.3 % 106

NOTES::

1. Values
2. Values
3. Values

taken from Liverman, 1977.
taken from Tamura, 1977.
taken from Ehrlich and Weeren, 1979.
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TABLE A.1-14

ESTIMATED WASTE VOLUMES FOR SCHEDULED
SURPLUS FACILITIES D& PROJECTS AT ORNL(3)

Waste Quantity (M3)

General
Project Description TRU Non-TRU (All Types)
1. Molten Salt Reactor Experiment . - - 540
2. Metal Recovery Facility 140 285 -
3. Radiochemical Waste System - 50 170 -
4. TFission Product DeveIAfment Laboratory - 280 -
5. Low Intensity Test Reactor - - 2000
6. Homogeneous Reactor Experiment No. 2 - - 110(1)
7. ORNL Graphite Reactor - - 2830(2)
NOTES:
1. Entombment is the disposition mode assumed for this facility.
2. Excludes the graphite reactor, which is to be preserved as a National

Historic Landmark.

3. Values taken from Carroll, 1979.
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2.0 LIQUID AND GASEQUS WASTE MANAGEMENT FACILITIES

2.1 ' GENERAL

Systems are provided for collection, processing, and disposal of all liquid and
gaseous radioactive wastes generated by the various R&D programs and pilot plant
facilities of ORNL. The majority of these wastes are transferred through piping
systems to centralized facilities for processing and/or monitoring prior to
disposal or discharge. In a few cases, it is not possible or practical to send a
waste stream to a central processing facility. In these situations, the facility
where the waste is generated provides the necessary processing and/or monitoring
capabilities.

Liquid wastes are segregated into three separate categories for collection,
processing, and disposal. These are: low level waste (LLW); intermediate level
waste (ILW); and high level waste (HLW). A waste stream is placed into ome of
these subsystem categories on the basis of activity level and/or its origin. A
simplified block diagram of the process flow paths for each of these subsystems
is shown in Figure A.2-1. '

In general, based upon historical operating practice, LLW and ILW are, in
general, the only types of liquid radioactive waste that have been produced at
ORNL. ILW is composed of a mixture of all of the liquid wastes, other than
process (LLW) waste, that are produced in hot cell, pilot-plant, and reactor
operations, including relatively small volumes of organic reéagents and solvents.
Accordingly, liquid high level and transuranic wastes which are produced in pilot

plants and hot cells, are diluted by lower-level research wastes to form ILW.

Gaseous wastes are segregated into three separate categories for collection,
based on the origin of the waste stream. These categories are: cell
ventilation, off-gas, and alpha enclosure ventilation. After collection, the
waste gases are filtered, monitored, and routed to either a central stack or to a
local ventilation exhaust point. The basic process flow path for each of these

waste gas streams is shown in the block diagram in Figure A.2-2.
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2.2 LIQUID LLW SYSTEM

Liquid low level wastes are slightly contaminated aqueous solutiomns consisting of
floor drainage, steam and cooling water leakage, flush drains, etc. A complex
system of underground piping is provided to collect these wastes from source
generators in Bethel and Melton Valleys as shown in Figures A.2-3 and A.2-4.

This collection system consists of over 30,000 meters of 10.2 cm diameter through
76.2 cm diameter pipe, most of which is constructed of vitrified clay. The waste
water flows through this piping system by gravity from the source generators to
open collection ponds. At various points along the way, the flow rate and
activity level in major branches of this collection system are automatically
measured and read out in the Waste Operations Control Center (WocC). After
collection in the ponds, the waste water is sampled and then either seat to the
LLW processing system or discharged directly, depending upon the activity level
found in these samples and/or the radiation readings on the monitors upstream of
the ponds. The normal flow path for the water collected in each of these ponds
is shown in Figure A.2-5.

U

As indicated by Figure A.2-5, only the LLW from the central laboratory complex is .
normally processed before release to the envirommeat. Table A.1-9 identifies the
major contributors to the LLW processing system from this area in terms of volume

and activity.

The LLW processing system is described briefly below. (A more detailed
description of this system is given in Braatz and Robinson). The LLW processing
system, which was developed by ORNL, is known as the Scavenging Precipitation-Ion
Exchange Process (SPIX). A simplified flow diagram for this system is shown in
Figure A.2-6. Waste water to be processed is collected in Equalization

Basin 3524. Chemicals for flocculation, coagulation and pH adjustment are added
and a precipitator-clarifier then removes about 50 percent of the radionuclides
by passing the waste stream through a sludge-blanket. A portion of the sludge is
periodically pumped as a slurry containing 2 to 4 weight percent solids to a

lined settling pond in Meltom Valley.
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N
The clarifier effluent is pumped through anthracite bed polishing filters and
cation resin ion exchange columns which remove nearly all of the remaining
activity (primarily Cs-137 and Sr-90). The effluent from the ion exchange
columns is either reused for filter backwashing and ion exchange column
regeneration purposes or neutralized and discharge to White Oak Creek.

The SPIX system is designed to process waste water at a rate of 757 liter/min and
to remove 99.9 percent of the residual activity in the water. Since the system
was put into opération, it has processed an average of 300 liter/min and has
generally achieved excellent DF values. Average removal efficiencies for several
typical rums are given in Table A.2-1, which also shows that the effluent from
this processing facility is well within MPC levels without any dilution in White
Oak Creek, or the Clinch River. The positive effect this system has had.on total
site releases is reflected in Figure A.1-1, which shows that there has been a
dramatic reduction in the total activity released to White Oak Lake since this
system was placed in operation in the latter part of 1975.

2.3 LIQUID ILW SYSTEM

The liquid intermediate level waste (ILW) system functions to collect,
neutralize, concentrate, and store aqueous solutions from "hot" sinks and drains,
radiochemical pilot plants and nuclear test reactors located in both Bethel and
Melton Valleys. The waste solutions drain or are discharged from the source
buildings to conveniently located collection tanks. Solutions which accumulate
in the collection tanks are periodically transferred to storage tanks near the
evaporator amnnex. The waste from these storage tanks is transferred to one of
the two evaporators, where the aqueous solution is concentrated by a factor of 20
to 30. Condensate from the evaporator is directed to the process waste
(low-level) system. The concentrate stored at the evaporator is periodically
pumped, via doubly contained transfer lines, to storage tanks located in Melton
Valley near the hydrofracture site. The concentrate stored in Melton Valley is
periodically disposed of by hydrofracture into the underlying shale formations.
Figure A.2-7 is a schematic diagram of the ILW system showing the relationship
between collection tanks, waste evaporators, transfer lines, storage tanks and

hydrofracture operations.
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The system originally consisted of extemsive underground piping that was used to
collect OR-ILW from various ORNL facilities and transport the waste to a central
storage tank farm (six 644,000 liter "sunite" storage tanks). In 1949, ORNL
waste operations insgglled a pot-type evaporator to concentrate the OR-ILW. The
evaporator bottoms (concentrate) were stored in the central tank farms, and the
evaporator distillate was discharged to White Oak Creek. The underground piping
system subsequently was expanded by adding collection tanks near the various ILW
sources. In 1954, the pot-type evaporator system was discontinued, and solar
evaporation and ion exchange on native shale became the process techniques used.
In 1965, the currently operating 38 liter/min evaporator was placed in service.
In 1966, the concentrates were initially disposed of in a pilot hydrofracture
operation (de Laguna, 1968) and distillate treated as 1LW. In 1973, a program to
improve the ILW system was initiated. An identical backup evaporator was
installed in 1979. Construction of a new hydrofracture facility is nearing
completion. Gunite storage tanks are scheduled to be decontaminated and
decommissioned in-place by the end of 1983. Upgrading of other portions of this
system are currently in the conceptual planning phase.

The subsystems associated with collecting and processing liquid intermediate
level wastes are briefly described below. A more detailed description of this
system is given by Binford, Orfi, 1978. .

The ILW drains by gravity from hoods, glove boxes, sinks and cells, or is
discharged by steam jets from process vessels to one of the 23 stainless steel
collection tanks. These tanks and the complex system of underground piping are
shown on Figures A.2~4 and A.2-8. Most of the drains outside the source
buildings are stainless steel lines buried directly in the ground without
cathodic protection, but there are a few short sections of tile pipe that drains

cell ventilation ducts. The drain lines are not equipped with valves.

The collection tanks vary in capacity from 1900 to 57,000 liters depending on the
requirements of each source. Nineteen of the 23 collection tanks are located in
Bethel Valley; the remaining four tanks are located in Melton Valley and serve
the HFIR, TRU processing plant, and TURF. Table A.2-2 lists the OR-ILW waste

collection tanks currently in operation; Figure A.2-9 shows the locations of the
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collection tanks. Inactive OR-ILW tanks are listed in Table A.2-3 along with
reasons for their being out of service. All of these tanks except W-19 and W-20
are scheduled for decommissioning under the Surplus Facilities Management
Program. Typical installatiocn details for the older collection tanks are shown
on Figure A.2-10; details for the more recently installed collection tanks are
shown in Figure A.2-11.

Waste accumulates in each tank to an administrative limit set by the operationms
staff (Example: Tank Wi-A capacity is 15,000 liters; operating volume is

11,400 liters). In the event of tank rupture, the contents would drain to a sump
located on each collection tank pad. Recently installed tanks have concrete
cubicles for retention dikes.

Underground transfer lines connect the source collection tanks to the Bethel
Valley collection headers. As shown in Figure A.2-6, the collection headers
drain to two evaporator service tanks W-21 and W-22. The existing gunite tanks
can be valved into service under emergency conditions. Transfer lines direct the
waste to the evaporators.

Two 38 liter/min evaporators are located in Building 2531. These evaporators are
single vessel, pot-type, natural circulation evaporators. Steam heats seven
seamless coils located in the bottom 91.4 cm of the evaporator. If cooling is
required in the vessel, water can be injected in the coils for proper temperature
control. Each of the evaporator vessels have anti-foam injection capability and
remote internal decontamination spray headers. Decontamination is possible
because of impingement trays installed in the top head of the vessel.

Figure A.2-12 is a cutaway section view of the waste evaporator vessel.

The evaporator is operated on a batch feed system. The vessel is filled with
waste and additional feed is forwarded to the vessel as boil-off occurs. When
the vessel operating level is filled with concentrated waste based on a density
probe sample, the evaporation process is terminated and the waste is batch fed to
the concentrates tank. The evaporator is controlled locally within Building 2531

with a malfunction alarm in the Control Complex in Building 3105.
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Evaporator distillates are collected in a surge catch tank. Following radiation
monitoring, the distillate is piped to the low level waste collection pond
(equilization basin). Evaporator concentrates are piped to a concentrates
collection tank (W-23). If additional storage capacity is required, either

tank W-21 or W-22 can be kept empty for use during emergency conditioms.
Concentrates are subsequently pumped via a new 5 cm stainless steel line to the
Melton Valley hydrofracture site storage tanks. The location of this 1828 meter
line is shown on Figure A.2-13. Details of the double-contained transfer pipe

are shown in Figure A.2714.

Intermediate level waste concentrates are disposed of by hydrofracturing in a
shale formation approximately 305 meters underground. Waste is pumped from the
concentrate tanks to the 1,520,000 liters waste storage tanks at the new
hydrofracture facility site in Melton Valley. At the facility, the waste is
mixed with a clay-cement grout, and high pressure pumps inject the waste/grout
mixture into the hydrofracture at 175 kg/cm2 at a rate of 680 to 757 liter/min.

The requirements of the hydrofracture disposal process set stringent criteria for
the grout properties. The grout must be: 1) compatible with the waste
solutions, 2) pumpable for extended times (24 hr), and 3) retain virtually all
the associated water when solidified. Another desirable characteristic is a
relatively low leach rate. The blend of solids that produces groutes with these
properties contains the following: 1) cement, 2) fly ash to retain strontium,

3) attapulgite clay to retain excess water, 4) a second clay to retain cesium,
and -5) a retarder to delay the setting of the grout. The proportions of the
different ingredients can and are adjusted to allow for considerable variation in
the composition or concentration of the waste solution being injected. A more
detailed description of the hydrofracture process is given by de Laguna, 1968,
and 1971.

2.4 LIQUID HLW AND TRU SYSTEM

2.4.1 High Level Wastes

High level liquid wastes have not been routinely produced in significant

quantities at ORNL. However, in the early 1960's, it was anticipated
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that some future processing operations would be required that would produce
liquids with substantially higher concentrations and heat generation rates than
could be handled by the existing gunite storage tanks. Consequently, in 1964,
the elements of a high level waste system were installed. The system includes
two internally and externally cooled 190,000 liter stainless steel tanks located
in an underground reinforced concrete vault adjacent to and directly north of the
evaporator building (2531). A brief description of this installation.is
presented below. A more detailed discussion is given by Binford and Orfi.

The two HLW storage tanks (C-1, C-2) are designed to accommodate hot acidic
wastes with activities up to 740 Curies per liter. The tanks are of all welded
construction, fabricated of ASTM A240-61T Type 304 L stainless steel, 1.27 cm
thick. The 18.6 cm long by 3.7 cm diameter horizontal tanks were designed to
meet the requirements of ASME Code Section VIII. Only onme tank, (C-2), is used
to receive HLW input and the second tank is available as a standby to receive the
contents of the first tank in case of leakage.

In addition to the tanmks, 2.54 c¢m stainless steel lines have been installe& in
concrete conduits from the Pilot Plant, (Building 3019), and the Fission Product
Development Laboratory, (Building 3517), to the HLW tanks but have not been
connected. HLW from these laboratories are currently being stored locally.

Valve pit, piping and shielding for the evaporator facility and C-1 and C-2 tanks
are designed such that HLW may also be concentrated in the evaporator.

Schematics of the HLW storage tanks and vault are shown on Figure A.2-15 through
A.2-17.

2.4.2 Transuranic Wastes

Until 1970, transuranic liquid wastes were diluted, neutralized with caustic, and
transferred by pipeline to a storage tank (W-5) in Bethel Valley. In 1970-71,
processing of some Savannah River slugs and target tubes in the TRU facility
resulted in significant increases in the quantity of waste generated. These
increased wastes and leaks in the transfer line resulted in trucking several
thousand gallons of this "high level" transuranic waste to the high level waste
storage tanks discussed above. Transfer of the waste via a new pipeline was
resumed in mid-1972.
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Currently transuranic liquid wastes are administratively segregated in the TRU
process area and forwarded to collection tanks in Melton Valley (Figure A.2-18).
With the exception of the High Flux Isotope Reactor (HFIR) collection tank
(located southwest of HFIR (Bldg. 7900), these tanks (T-1, T-2 and WC-20) are
located near the Melton Valley pumping station. ILW and TRU contaminated liquids
from the HFIR and TRU-TURF complexes are transferred to these tanks and
subsequently pumped to the evaporator feed tanks and processed as ILW. Tanks T-1
and T-2 have a capacity of 57,000 liters each, and were installed in 1962; WC-20
is a 38,000 liter collection tank recently installed as part of the current ILW
system modification to serve the TRU-TURF complex, (Figure A.2-11). Design
details for this collection and the associated transfer system are described by
Binford, and Orfi.

2.5 GASEOUS RADIOACTIVE WASTE SYSTEM

Radioactive waste gases-originate from ORNL research activities such as chemical
" processes, reactor operations and routine experimental laboratory operations. The
major quantity of gaseous wastes from these operations are collected in the
ductwork at the source generating facilities and discharged to the atmosphere
from one of six stacks. Waste gas streams emanate principally from cell
ventilation, (which represents approximately 99 percent of the volume, but very
little activity) and off-gas process systems (which contains most of the
activity, but very little volume).

The originating waste gas generator is primarily responsible for first-order
cleanup of the gas stream prior to discharge into the gaseous waste vent systems.
Numerous laboratory operations which gemerate small quantities of radioactive
gases are not connected to ome of the vent stacks but discharge their waste gases
directly after local cleanup. A variety of cleanup equipment, (i.e., roughing,
absolute, HEPA and charcoal filters), are employed both at the stacks and in

local work areas for treating gas streams prior to release to the atmosphere.

Gaseous effluents are moved through these ventilation systems via the use of fans
and blowers. Steam powered backup fans are provided for reliability purposes,
but in many cases these are not adequate to provide sufficient flow to maintain

building containment during power outages or maintenance periods.
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Gaseous wastes from operations in Melton Valley are discharged from two stacks:
7911 and 7503. The 7911 stack serves the duct system connected to the High Flux
Isotope Reactor (HFIR), Transuranium Processing Plant (TRU) and the
Thorium-Uranium Recycle Facility (TURF) This stack is 76 meters high with inside
diameter of 4.27 meters at the base and 1.5 m at the top. The average discharge
rate is 1415 m3/min. Gaseous effluents from the Molten Salt Reactor Experiment
(MSRE) are discharged via Stack 7503. This metal stack is 30.5 m high, with an
inside diameter of 1.22.m at the base and 0.92 m at the top. The average
discharge rate is 280 m3/min. The MSRE has been retired from service.

Gaseous wastes from operations in Bethel Valley are discharged from four stacks:
6010, 3020, 2026 and 3039. Stack area 6010 serves the Oak Ridge Electron Linear
Accelerator (ORELA). The metal stack is 14.3 m high with an inside diameter of

0.76 m and an average discharge rate of 450 m3/min.

Ventilation air from the Pilot Plant, Building 3019, is.released at the 3020
stack. The double wall stack is 61 m high with an inside diameter of 2:0 nm
and an average discharge rate of 700 m3/min.

Stack 2026 discharges ventilation air from the High Radiation Level Analytical
Laboratory. This metal stack is 23 m high, with an inside diameter of 1.1 m and
an average discharge rate of 620 m3/min.

The central cell ventilation and off-gas systems, serving most of the Bethel
Valley area, terminate at the 3039 stack. This stack is the principal ORNL
release point, through which at least 90 percent of the measured gaseous activity
generated at the Laboratory is discharged to the atmosphere. Schematic system
ducting details for this stack area are shown on Figures A.2-19 and A.2-20.

Summary system data is preseated on Figure A.2-21.

Negative pressure for the 3039 stack main cell ventilation system is produced by
electrically-driven fans (steam-driven auxiliary fans - 2690 m3/min capable of
moving approximately 5520 m3/min. High efficiency particulate filters are
provided to remove contaminates prior to release from the 76 m stack. The main

off-gas system is served by a 113 m3/min electric blower (standby steam blower -

RTTTTRTTNTT . R T AT R




A.2-10

113 m3/min). Since the off-gas system must dispose of organic vapors and
acid/caustic fumes in addition to radioactivity, a caustic scrubber is provided
to remove particulate material. In the event of a loss of primary vacuum, the
gas is routed through an electrostatic precipitator prior to release. Other
gaseous streams to the stack are routed through roughing, charcoal, and absolute
filters.

The gaseous waste system was installed 20 to 30 years ago and has undergone
periodic modifications since them. It is presently in need of repair and
upgrading to the current state of the art practices. Much of the visable
ductwork is corroded and nmo longer leak tight, allowing the uncontrolled and
unmonitored release of radioactive effluents. Standby capacity is insufficient
to maintain system integrity during emergency conditions. Maintenance is
difficult and in some cases hazardous to personnel. Fire protection capability
is inadequate by current standards. These conditions have been recognized and an
improvement project is currently underway to replace and upgrade the 3039 stack
area off-gas and cell ventilation system, (Maier, 1979).

2.6 DESCRIPTION OF EFFLUENT RADIATION MONITORING SYSTEM

The current radiation monitoring system monitors liquid and gaseous effluents
released to the environment. The system comsists of radiation detectors located
at selected locations with readout in the Waste Operation Control Center

(Bldg. 3105). A brief description of the waste operation control complex and the
liquid and gaseous effluents monitoriﬁg systems follows. A more detailed

description is given ,in ORNL, 1570.
\

2.6.1 Waste Operation Control Center

The Waste Operations Control Center (WOCC) contains a small instrument shop, some,.

office space, and two rows (north and south) of vertical control panels
consisting of a total of approximately 10 lineal meters of control board. The
control center contains QC surveillance to monitor and record the operating
characteristics of the liquid and gaseous radwaste systems at ORNL. Data from

remote instrumentation channels are telemetered to the WOCC. A shift operator is

N
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on duty providing round-the-clock surveillance. In the event of an abnormal
activity release or an exceeded operating limit, the shift operator must alert
supervision and the respective facility so that corrective action can be
immediately taken.

The type of data monitored at the coatrol center is summarized as follows:
Wind direction, velocity, temperature -
Stack and duct gaseous effluent flowrate

Local air monitor radioactivity

Stack and duct gaseous effluent radioactivity

Stack and duct radiation monitor alarm modules

Cell blower status

pH, oxygen, temperature

Process waste water flow rate

Process waste water radioactivity

OR-ILW tank levels '

Evaporator foam level alarms

© 0 0 0 0o 0 0o 0o o o o

The WOCC consists of antiquated, current consumptive, heat producing, high
maintenance components such as:

- Large case multipoint strip chart recorders and small pen-type Rustrack
recorders. These recorders use large quantities of chart paper which must
be stored and retrieved on demand. Inking is always a problem. In
addition, the chart paper guide scales are not correlated to the range of

the instrument. Reading of the chart is inaccurate and difficult.

- Contact-type meters are used on count-rate meters for alarm functions.

These can become problem areas due to sticking upon actuation.
- Peg board status is employed for remote count-rate meter range status.

Although the present design and existing hardware functions and serves its
purpose, it has been recognized that upgrading of this equipment is required. A
new WOCC is currently under design and the existing electromic equipment will be

replaced by a modern data acquisition system.
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2.6.2 Liquid Effluent Monitoring

Seventeen manholes in the LLW system serve as collection stations to accumulate
liquid effluent from groups of buildings for the purpose of monitoring for
radioactivity and measuring stream flowrate. One is located at the inlet to the
equalization basin where all tributaries join, and the rest are in the main
tributaries of the system. Monitoring cabinets located nearby at ground level
service each of these manholes (Figure A.2-22). The liquid effluent in the
manhole is measured for alpha emitting radioactivity and/or beta-gamma
radioactivity. Specific manhole designatioms, inlet sources, and type of
radiation monitor are shown in Figure A.2-23. All data is telemetered to the
Control Center for alarm and recording. No control functions are associated with
these monitoring stations. Automatic diversion valving has been disabled. A
typical manhole installation is shown in Figure A.2-24. Abnormal volumes or

- activities in the system can be identified from the data provided from these
monitoring stations. Instrumentation aé the WOCC directs the operator to the
general area where the discharges occur, and the release generator is directed to

take corrective action.

" .

A low range gamma detector monitors the effluent prior to discharge to the White
Oak Creek. If the activity exceeds a predetermined level, an alarm is sounded,

and discharge is discontinued until corrective actiomn is taken.

2.6.3 Gaseous Effluent Monitoring

The gaseous effluent monitoring system provideé monitoring of principal
ventilation ducts and release stacks for radioactivity. Continuous monitoring
and sample collection methods are used. All instrumentation transmit signals to
the WOCC for momitoring and recording. Gaseous effluents are monitored for one
or more of the following contaminants before being discharged to the atmosphere:
beta-gamma emitting particulates, alpha emitting particulates, radioiodine, and
inert gases such as zenon, krypton, and argon along with other radioactive gases.
Special in-stack samplers collect inventory samples. Data obtained from analysis
of these samples together with sampling time and effluent flowrates, are used to

determine total particulate and radioactive activity discharged.
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Radiation and flow monitoring devices are similar for all major ductwork and
stacks. The 3039 stack monitoring and sampling system shown in Figure B.2-25 is
typical of those used in other stacks. For the 3039 stack, monitors are located
on a platform at the 15.25 m level, except for the inert gas monitor which is
located at ground level. The gaseous effluent stream is monitored for beta-gamma
and alpha emitting particulates, radioactive gases, and iodine. Table A.2-4
lists the location of specific stack monitors and flowrate measurement
capability.

Figure A.2-26 details the in-stack sampler assembly utilized to collect samples
for laboratory analyses. The gaseous effluent sample withdrawal method attempts
to achieve representative sampling isokinetically. However, due to varying
flowrates into the stack from user facilitieg and the changing air flow velocity
patterns, isokinetic sampling is not achieved. Investigations are currently
underway to determine the feasibility of installing automatic isokinetic sampling
capability in the ORNL stacks.

In the stacks and ducts, where count rate meters are located external to wocec, a
signal is telemetered to the Center for recording and/or alarm. Alarms indicate
high radiation, in-operation, tape break, or pump failure. The location of stack
monitors and ratemeters on stacks other than 3039 are as follows:

Stack Stack Monitor Location Ratemeter Location

7911 Platform at 15.25 m stack level HFIR Auxiliary Control Room
3020 Platform at 16.76 m stack level Building 3082

2026 Duct from High Radiation Level Building 2026 fnalytical
Laboratory .

6010 Duct from Electron Linear Building 6010 Accelerator
7503 Platform at 12.2 m stack level Building 7503
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Sr-90

Cs-137
"Co-60

Eu-154

NOTES:
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TABLE A.2-1

TYPICAL PERFORMANCE DATA FOR THE LLW SPIX ProcEss‘!) (%)

DF REMOVAL
VALUE EFFICIENCY (%)
7300 '99.98

2 50
1.5 33.3
40 97.5

1. Data from Chilton, 1980.

2. SPIX, Scavenging Precipitation Ion Exchange

% OF MPC

IN EFFLUENT

10
<1
<1

"
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Tank No.

W-1 & W=-2

W=-3 & W-4

W-11

W-13, W-14,
& W-15

W-19 & W-20

"WC-1

WC-15 & WC-17

A.2-16

TABLE A.2-3

3
INACTIVE ILW COLLECTION TANKS(I’

Description &(2)
Location

Concrete tanks located in
north tank farm.

Concrete tanks located in
north tank farm.

Gunite sprayed tank used
for Building 3550 located
near south tank farm.

Stainless steel tanks
located in north tank
farm.

2250 gal stainless steel
tanks located near south
tank farm were used for
PPDL wastes.

2000 gal stainless steel
underground tank located

" west of Bldg. 3037.

1000 gal stainless steel
underground tanks used
for 4500 area. Located
south of Bldg. 3500.

Th-1, Th-2, Stainless steel tanks
& Th-3 located south of Bldg.
- 3503. Were used for
wastes from Fission
Product Development
Laboratory.
Th-4 Gunite sprayed concrete
‘tank located southwest
of Bldg. 3500.
NOTES:
1. Costomiris, 1980

Remarks

Out of service because of leaks.
Highly contaminated intermally.

Tanks do not leak, but collect
surface water. Highly contam-
inated internally.

Removed from service because of
leaks. Highly contaminated
internally.

Out of service since 1958.
Conflicting reports exist as to
their contents. All are highly
contaminated.

The tanks do not leak, but out
of service since 1960. May

contain some liquid and sludge.
Highly contaminated internally.

N

Abandonded in 1968 because of
leaking discharge line. Contains
Curie quantities of Co-60,
Cs-137, and Sr-90 residual
contamination.

Removed from service because of
leaks. Highly contaminated
internally.

Tanks are empty, but are
contaminated intermally with
thorium.

The tank is out of service, but,
at present, contains sludge.

The sludge will be removed as a
part of the proposed campaign to
remove sludge from six gunite
tanks in the south tank farm.

2. To convert galloas to liters, multiply by 3.79.
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BETHEL VALLEY AREA

8L0G.XO. AREA BLDG.XO.  1.000 GAL/DAY®
CENTRAL RESEARCH AND ADHINIS!HATI'OI RAD1OCHEMICAL PROCESSING PILOT PLANT 3019 9.2
BUILDING 4500 OAX RIDGE RESEARCH REACTOR 3042 2.7
HIGH-LEVEL RADIOCHEMICAL LAB 4501 BULK SHIELDING REA .
UNIT OPERATIONS 4505 ’ Lsn ‘LE'E‘:‘ xii gwx 3010
HIGH-RADIAT IOK-LEVEL CHEMICAL HYSIC HINATION HOT CELLS 3025
DEVELOPMENT LAB 4507 RADIOISOTOPE DEVELOPHENT LAB 3026¢ 12.5
HETALS AND CERAMICS BLDG. 4508 DISHANTLING & EXAMIMATION HOT CELLS  3026D
HIGH RADIATION LEVEL CHEM ENG LAS 3503 2.3
CHEHICAL TECHKOLOGY ALPHA LAB 3508 :
RADI0ISOTOPE PROCESSING AREA 3028 THRU 3034 4.3
- 3038, 3047
HIGH RADIATION LEVEL EXAMIKATION LAB 3525 10.8
RESEARCH LABORATORY ANNEX 3550 :
HIGH RAOJATION ANALYTICAL LAB 2026 3.0
INTERHEDIATE LEVEL WASTE EVAPORATOR, 2531 10.8
— IN-LEAKAGE (UNDER BLDG. 3047) - 2.4
3238/ TANK FARK ORAINAGE - w7
35 ° & YOLUMES BASED OX FIRST & WOXIRS OF CY 1979 (IEF.
167.700 GAL/DAY
IF RADIOACTIVE (KOT USED TO DATE)
»{H5-3
3,000,000 GAL 1,000,000 GAL
IHPOUNDHMERT FOR |
W1GH-LEVEL ACCIDENTAL™ FLOW EQUALIZATION
BASIN
COPPERAS SOLUTION |
SODIUM HYDROXIDE [
150,000 GAL/OAY AVERAGE 31 WASTE TREATHENT
KO SIGNIFICANT RADIOACTIVITY 10 SLUDGE DISPOSAL'BASIN  |PUANT FOR REMOVAL OF
- SR-90 AND CS-137
RADIATION AND FLOW KEASUREMENT TELEMETERED TO WASTE MONITORING
@ CENTER. CONTINUOUS AND PROPORTIONAL SAMPLE ANALYZED BEFORE POND
1S EMPTIED OR IF SIGMIFICANT ACTIVITY 1S DETECTED ON MOMITOR.
s
REPRESENTS ELEVEN RADIATION AKD FLOW MEASURING DEVICES AND
ELEVEN CONTINUOUS AND PROPORTIONAL SAMPLERS 1M ELEVEN TRIBU-
TARIES. RADIATION AND FLOW MEASUREMENTS TELEMETERED TO WASTE
MONITORING CENTER. SAMPLES ANALYZED (GROSS BETA) ONCE EACH MONTH
OR WHEN SIGKIFICANT AMOUNT OF ACTIVITY 1S OETECTED OM MONITOR.
REDIATION AND FLOW MEASUREMENTS TELEMETERED TO WASTE HOMITOR-
ING CENTER. COKTINUOUS AND PROPORTIONAL SAMPLE ANALYZED FOR
GROSS BETA ONCE PER DAY AND FOR ALPHA ONCE EVERY FOUR HOURS.
CONTINUOUS AND PROPORTIONAL SAMPLE ANALYZED OKCE PER DAY FOR
GROSS BETA AND ONCE EACH MONTM FOR COMPLETE ANALYSIS.
A "

WHITE OAK CREEK

——i

FIGURE A.2-5 LLW COLLECTION SY
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MELTON VALLEY AREA

THORIUN-URANK]
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;
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P
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{,,
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394*‘,# Y

(Costomiris, 1980)
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3.0 ONSITE SRW STORAGE/DISPOSAL ACTIVITIES

3.1 GENERAL

SRW generated at ORNL is collected and packaged in various types of containers
and then trucked to solid waste storage areas (SWSA's) for retrievable storage or
disposal by means of shallow land burial. If necessary, waste disposed of in
this latter manner can also be retrieved, although not without considerable
difficulty and expense.

There are six SWSA's at ORNL, located as shown in Fiéure A.3-1. The burial
capacities of SWSA-1, -2, =3, -4 and -5 have been exhausted and these areas are
no longer used for shallow land burial. However, one portion of SWSA-5 is still
used for retrievable waste storage. SWSA-6 is the only area now used for shallow
land burial. At the present rate of waste generation, it too will be filled to
capacity in ten more years. In preparation for this eventuality, planning has
started for SWSA-7, which will most likely be located in Melton Valley and which

. is intended to satisfy ORNL's needs for at least the remainder of this century.

From 1955 to 1963, ORNL served as the‘Séuthern Regional Burial Ground for
low-level SRW. Since 1965, when ORNL ceased to serve in this capacity, very
little SRW has been sent there from other sites. Table A.3-1 shows the estimated
volume and activity of ali waste buried at ORNL since 1943. The drop in both
quantity and activity buried after 1965 is very apparent from this table.

For much of the waste buried at ORNL before 1971, little is known about the
physical and radiological characteristics. There were no records kept on what
was stored in SWSA-1, -2 and -3; and a fire in 1961 destroved all records of what
was stored in SWSA-4 and part of SWSA-3. Since 1971, detailed records have been
kept of both the volume and activity content of all waste packages stored in the
SWSA's. These are kept in a computerized Solid Waste Information Management

System (SWIMS) for ease of retrieval, updating, trend studies, etc.
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There are numerous points where SRW from the various generating sources is
collected for tramsport to the SWSA. Initial handling and packaging of the waste
before reaching these points is done by the individual waste generators in
accordance with procedures developed to protect personnel from exposure and
contamination and to ensure that wastes of different categories are properly
packaged and labeled. These procedural requirements are outlined in UCC-ND

* Standard Practice Procedure D-15-15, ORNL Supplement D-5-15 and ORNL Health
Physics Manual, Sections 2.3, 4.1 and 5.1.

The following subsections briefly describe the packaging and disposal procedures

for each of the various categories of SRW generated at ORNL.
3.2 RETRIEVABLE SRW

At ORNL, -only transuranic (TRU) waste is stored retrievably. Transuranic wastes
are packaged for storage by the generator and then tramnsported by the SWSA

operator to one of the storage facilities as described below.

Transuranic waste (greater than 10 pCi/kg of U-233 or TRU nuclides) reading less
than 200 mr/hr on contact is normally packaged in stainless steel 30 or 55-gallon
drums by the waste generator. - In accordance with the DOE Manual, the waste
generator also separates this waste into combustible and non-combustible portioms
.as much as possible before packagiﬁg. After drumming and tagging, the waste is
taken to a drum staging area (Building 7823) in SWSA-5. After a sufficient
number of drums have been Eollected, they are transferred to the Retrievable Drum
Storage Facilities (Buildings 7826 and 7834), which are concrete block structures
85 percent below grade, having storage capacities of 1,536 and 1,920 drums,
respectively. To date, approximately 50 percent of the total storage capacity
has been used. It is estimated that the remaining 50 percent will be sufficient
to éagisfy ORNL's neeés for at least another 10 years, based on current waste

generation rates (Ellis, 1980).
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Transuranic waste reading more than 200 mr/hr on contact is normally packaged in
reinforced concrete casks by the waste éenerator. The casks are avallable in
1.66 m3 and 0.66 m capacities, having 15.24 cm and 30.48 cm wall thicknesses,
respectively. Until 1979, these casks were placed in unlined trenches in SWSA-5,
which were then backfilled. This practice was discontinued beginning in 1980,
when a concrete, cave-like structure (Building 7855) was commissionmed for use in
storing these casks. Based on current waste generation rates, this "cave" has
enough capacity to handle all waste ﬁackaged in casks for at least the next five
years. Most of the concrete casks are used to store waste generated in Building
7920. This building is designed to handle only one cask at a time, and for this
reason, segregation of the waste in these casks into combustible and

non-combustible portions is only done op a limited basis.

Transuranic wastes with very high beta-gamma activity levels are packaged on a
case-by-case basis in appropriate containers of various sizes. These containers
are then stored in concrete and stainless steel lined wells in Buildings 7827 and
7829 in SWSA-5. These wells are about 2.5 m deep and have diameters ranging from
20.3 cm to 76.2 cm. The storage capacities of the wells range from 0.1 m3 to

1.1 m3. The walls are closed with 1.0 m thick concrete plugs.-

U-235 wastes are packaged in containers appropriate for the physiéai
characteristics of the waste and then placed (buried non-retrievably) in unlined
auger holes in SWSA-6, which are then backfilled and capped with concrete. The
generator of this type of waste is required to limit the amount of U-235 per

container to 200 gm, unless special exemption from this limit is granted by the
Criticality Committee:

3.3 NONRETRIEVABLE SRW
Nonretrievable, general catagory SRW falls into one of four groups. These

are: a) high-level (greater than 200 mr/hr); b) compactible low-level' (less than

200 mr/hr); c) non-compactible low-level; and d) low hazard contaminated waste.
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General Eategory waste reading greater than 200 mr/hr is packaged by the waste
generator in suitable containers (plastic.bags, camns, etc.), tagged for
identification and then placed in shielded dumpsters, shielded casks or shielded
"hot" trucks. Once filled, these are transported to SWSA-6, where their contents
are emptied into trenches or unlined auger holes. A typical disposal trench is
shown in Figure A.3-2. These trenches are limited to a maximum length of 15.25 m
and maximum width of 3 m. Depth is usually 3 to 4.5 m and is always at least

0.6 m above the existing groundwater level. The trenches are slopeq toward one
end, and a 15.25 cm diameter perforated pipe extends vertically to the bottom of
the lower end of the trench to sexve as. a monitoring well., Dipches are provided
around the trenches to direct surface water away from the trenches. Appropriate
barriers are placed around the open portion of a trench for personnel safety.
After the trenches have been filled with waste and covered with a layer of native
soil, they are seeded for control of erosion. For long term care of the filled

trenches, periodic ground-water monitoring and vegetation control are required.

General SRW that is compactible and that reads less than 200 mr/hr is packaged by
the waste generator in various types of containers that are suitable for
compaction. These packages (plastic bags, cardboard boxes, thin metal cans,
etc.) are tagged, recorded and placed in specially marked yellow dumpsters
located in convenient locations near the waste generators. "After the dumpsters
are filled, they are taken to SWSA-5, where the contents are removed and
compacted in a baling machine located in Building 7831. The baling machine
produces bales of waste in rectangular cardboard boxes measuring 50.8 x 76.2 x
101.6 cm (0.425 m3), weighing 305 kg and bound by four metal straps. The baled

waste is then transported to SWSA-6 for disposal in trenches as described above.

The waste baler has been in operation since 1978. In its first year of
operation, the baler processed 383 m3 of waste, reducing its volume by a factor
of nine. Compactible waste normally accounts for about 20 percent of the total
amount of general category SRW produced. Therefore, considering all general
category waste disposed of by shallow land burial, use of this baler results in a

net VR factor of approximatély 1.3.

[
i
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General low-level SRW waste that is not compactible is packaged by the generator
in containers that will prevent spillage or the spread of contamination while
handling the packages. Typical packages are plastic bags, trash cans and paper
boxes. These are tagged and collected in specially marked yellow dumpsters
locdted near the generators. After a dumpster is full, it is transported to

SWSA-6, where the contents is disposed of in burial trenches as described above.

Low hazard waste is comprised of general trash that has no measurable
contamination by radiation survey but is judged by the generator, because of its
history, to be radioactively contaminated above "green tag" limits and hence
unsuitable for release from. Waste Management Operations Control. ' This waste is
collected in regular trash dumpsters or trucks and transported to SWDA-6 where it
is disposed of by conventional land fill methods.

TR
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TABLE A.3-1

TOTAL ANNUAL ACTIVITY, VOLUME, AND WEIGHT

OF SOLID WASTE BURIED OR STORED

Weight, 1b
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NOTES:

July 1, 1975 through September 30, 1976 - Reflects change in fiscal year to

begin in October.

1.

Data obtained from Costomiris, 1980 and personnel correspondence with

E. King.

2.
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APPENDIX B

ASSESSMENT OF EXISTING WASTE MANAGEMENT PRACTICES/FACILITIES

1.0 APPLICABLE REGULATIONS

Radioactive waste management operations at ORNL are governed principally by the
Department of Energy Administrative Manual requirements and the immediate action
directives (IAD) issued to provide more specific regulatory implementation
guidance. In addition the requirements of numerous regulatory agencies at the
Federal, State and local level would be involved in issuing any permits and
approvals necessary to implement most of the recommended radwaste improvement
brojects discussed in detail in Appendix B;3.0. The specific considerations of
all of these regulatory requirements is beyond the scope of this study. However,
those Federal agencies whose activities represent a lead or major interface have
been considered. These include: a) the Department of Energy (DOE), b)
Environmental Protection Agency (EPA), and ¢) Nuclear Regulatory Commission
(NRC). A discussion of the roles of these agencies and their effect on ORNL
operating policy are briefly discussed below. Questions concerning regulatory
compliance issues are discussed in greater detail in Appendix B.3.0 along with
specific recommendations for the approaches to be considered in achieving

compliance with pertinent requirements and guidelines.

DOE: DOE offices, field organizations and contractors are required to conduct
their operations in accordance with Manual Chapters originally issued by the
Atomic Energy Commission and adopted by DOE upon its formation. The Manual
Chapters that are judged to be the most relevant to the activities considered in
this study are 0511, 0513, 0524, 0530 and 0531. ORNL routinely conducts its

operations in accordance with the requirements of these chapters as directed by
DOE.

Chapter 0511, "Radioactive Waste Management,” requires: a) conduct of operations
and disposal and storage of radioactive waste in a manner to assure that present

and future radiation exposures will be at the lowest levels technically and




B.1-2

and economically practicable; b) continuing efforts to develop and use improved
technology for reducing radioactive releases; and c) minimization of the extent

and degree of contamination of land by waste management activities.

Chapter 0513, "Effluent and Environmental Monitoring Qnd Reporting," requires an
evalaution of on-site discharges, liquids and gaseous effluents, and the
immediate environment to assess the radioactive and nonradioactive pollutant
levels for: a) compliance with applicable federal policies, standards and
requirements; b) determining the adequacy of effluent control, environmeatal
protection, and efforts to achieve levels of radioactivity which are as low as

practical.

Chapter 0524, "Standards for Radiation Protection," provides guidance for
radiation protection in normal and accident situations. This chapter sets
numerical standards for doses and concentrations of radioactivity that result

from DOE and contractor activities.

Chapter 0531, "Safety of Nonreactor Nuclear Facilities," contains provisions for
assuring that environmental protection and health and safety matters are
adequately addressed for nonreactor nuclear facilities and that all identifiable
risks are reduced to as low a level as bracticable. This chapter includes

guidelines for the establishment of Environmmental Safety and Health Programs.

EPA: The EPA does not directly regulate radioactive waste management activities
at ONRL; however, various EPA requirements indirectly affect many operational
practices. Manual Chapter 0510 specifies the requirements for air and water
pollution control. Radiocactive effluents are exempted by the Atomic Energy Act
and are controlled in accordance with Chapter 0524. Although radwaste effluents
are exempt, non-radioactive or other hazardous components of waste streams are
not and are regulated via various state and EPA standards. For example, under
Chapter 0510, "Prevention Control and Abatement of Air and Water Pollution," ORNL
operations would have to comply with the Hazardous Waste Management Facility
Program of the Resource Conversation and Recovery Act, the Underground Injection
Control Program of the Safe Drinking Water Act and the Natiomal Pollutant
Discharge Elimination System of the Clean Water Act. In addition EPA has

s
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published general enviromnmental protection criteria that are intended to
represent a uniform national policy generally applicable to all types of
radioactive wastes and management practices (Federal Register, 1978 and USEPA,
1978). In view of the complex and changing nature of the regulatory environment
governing ORNL operations, it is apparent that, in terms of long range planning
for radwaste facilities and operational improvements, a comservative compliance
posture toward environmental protectiom is the most prudent course of action.
NRC: ﬁadwaste management activities at ORNL are not under the licensing
jurisdiction of the NRC. However, it has been the general policy of ORNL to
comply to the extent practical with all reasonable regulatory requirements issued
by this agency and to interact with and support the NRC in many research and
policy areas. A study recently undertaken by the NRC, (NUREG-0527, 1979), at the
direction of Congress, assessed the possible extension of NRC licensing authority
to include categories of existing and future Federal radioactive waste storage
and disposal activities. This direction by Congress reflects a desire to achieve
a uniform national policy for radioactive waste management. If this extension of
NRC licensing and regulatory authority were to occur, numerous modificatiomns to
ORNL radwaste management operations would be required (Appendix B.3.0). ORNL's
radwaste improvement planning efforts should reflect a position of ultimate
compliance with NRC requirements to the exteand that they are consistent with DOE
policy. All the same ORNL's radwaste management leadership role in terms of
national policy formation, imposes a responsibility to devise and develop better
waste management practices taking into account all aspects of the problem. Their

roles need to be balanced in a very semsitive and judicious manner.
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2.0 PROBLEM AREA PRIORITIZATION CRITERIA

In developing a radiocactive waste management improvements program plan for ORNL
operations, a major consideration should be the criteria to be used for
prioritizing problem areas so that scheduling and budgeting can be accomplished
for each major improvement project. Because the improvements program plan
eventually approved by ORNL will take into account factors beyond the power of
this document to predict or control (such as the results of negotiations with
state and Federal government agencies over interpretation and implementation of
their regulations; availability of funds; and the impact of national security
interests), it is not feasible (practically speaking) for this document to
recommend the numerical order in which these projects ought to be carried out.
In lieu of this, criteria have been developed to enable ORNL planners to be
able to classify all major problem areas and associated improvement projects
under one of three major levels of importance, as defined in the following
subsections.

2.1 PRIORITY LEVEL I CRITERIA

Priority Level I areas are those for which improvements or corrective actions

are deemed essential and fof which the recommended improvements program should
be implemented immediately. Exzamples of items in this category are:

A. Conditions that are cause for concern either because of their immediate
and serious effects on the environment and/or the health and safety of
workers or the general public, or because they do not meet current

regulatory requirements.

B. Practices that, although permitted by exception, are not now consistent

with present or impending rules or regulations governing operations at
ORNL.

C. Conditions for which corrective measures have been approved and funded as

line items or operating budget expenses.
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Practices or procedures which, if not modified relatively soon, could with

a high degree of certainty develop into major problems.

R& necessary to either implement improvement projects for the above areas
of concern or to assess the validity of the advantages claimed for these
projects.

2.2 PRICRITY LEVEL II CRITERIA

Conditions considered as Priority Level II are those for which corrective

actions or improvements are also considered essential. However, the nature of

these conditions are such that corrective action or improvements can be delayed

somewhat to accommodate funding and scheduling requirements for Priority

Level I items. Included under this category are the following:

A.

Conditions that are a cause for future concern because of their potential
long~term adverse effect on the environment and/or the health and safety
of workers or the general public.

Conditions for which there is a possible, though uncertain, chance of
immediate or future adverse effects on the environment and/or the health
and safety of workers or the general public, but for which further data.
and study are needed to verify the validity of the concerms or to

determine the corrective measures which need to be taken.

Infrequent and/or unexpected abnormalities (tank spills, transfer line
failures, flooding/high water table, gaseous release spikes, etc.) which
would have a significant adverse effect on the environment and/or the
health and safety of workers and/or the general public; and for which
reasonable improvements could be made that would have a"high probability
of mitigating these adverse effects.

Conditions which, if corrected or improved, could result in substantial

reductions in the volume of waste generated and/or stored and/or disposed.
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Conditions which, if corrected or improved, could result in substantial
reductions in the overall costs of processing and/or storage and/or
disposal of radioactive wastes.

R&D projects which would help satisfy ORNL's commitments to providing
leadership in developing systems that could substantially improve the
economics of managing radioactive wastes, lessen the environmental impact
of radioactive wastes produced by the nuclear industry, or improve the
health and safety aspects of processing and disposal of radioactive
wastes.

2.3 PRIORITY LEVEL III CRITERIA

Priority Level III conditions are those for which improvements are not required

to be pursued now,'but for which improvement programs merit comnsideration,
either because of the potential these improvements have for providing net
long-term social or economic benefit or because of the possibility that it
might become necessary to pursue these improvements in the future to comply
with anticipated regulatory changes. Included under this category are the
following:

A.

System conditions for which recommended improvement plans would bring
ORNL's radwaste management program in line with those of the commercial ]
nuclear power industry, where these latter practices are deemed to provide
a higher benefit/cost ratio with regard to the health and safety of the
workers and general public, and/or protection of the environment.
Specifically, this would involve those areas where the NRC's rules and
regulations for handling and disposal of radioactive materials are more
restrictive than those of the DOE.

System conditions for which the ;ecommended improvements are of marginal
or questionable benefit now, but which could result in justifiable
economic and/or health and safety and/or environmental benefits under
different operational or regulatory conditions (e.g., installation of an
incinerator if ORNL were to become a regional depository for low-level

wastes from the commercial nuclear power industry).
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R&D of a long-range nature necessary to emnsure that for Priority Level III
situations, improvement projects that are being considered for

implementation will achieve the corrective measures anticipated.



gl
S

P T P, R R PR A ¢

B.3-1

3.0 RECOMMENDED IMPROVEMENTS

In this section, a detailed description is given of each area where there is a
need for improvement in system design and/or operation. For each situation,
background information is presented, the reasoning for assigning a particular
priority level to the item is discussed, and recommended actions to improve the
current conditions are put forth. Where appropriate, estimates are also given of
the schedule duration and cost or manhours associated with particular
recommendations. The cost data presented here serves as the basis for the cost
summary presented in Section 4.2. .

As was done in the summary in Section 2.3, the recommendations presented here are
organized under five basic categories of waste management. For convenience in
cross-referencing, these recommendations are also presented in the same order in
which they appear in Table 2.3<1 of Section 2.3.

3.1 SOLID RADIOACTIVE WASTE (SRW) MANAGEMENT

3.1.1 Low-Level SRW Processing/Disposal

3.1.1.1 Discussion

As described in Appendix A, 3.0, shallow land burial has been used as the primary
means for disposal of low-level SRW at ORNL since the facility opened in 1943.
Approximately 2 x 105 M3 of SRW, containing approximately 4.8 x 105 Ci of

activity, have been disposed of in this manner through September 30, 1979

(Costomiris 1980). There are two interrelated concerns associated with this

practice. One of these is the uncontrolled release of radioactive material to
the environment via leachate from the burial grounds. The other is the amount of
land usage required by shallow land burial, which is accentuated by the
geological/hydrological conditions existing at ORNL. These concerns are
discussed in detail below:

This section of the report deals only with SRW disposed of by means of shallow

land burial. A review of ORNL's procedures and facilities for handling

Lo Y e e . e e e
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retrievable TRU contaminated waste (ELLIS, 1980 has concluded that present
practices for handling these wastes are satisfactory from a safety standpoint for
an interim onsite storage period of 20 years, or longer. Therefore, for the
purposes of the present five to.ten year look ahead effort, no additional work
has been identified in the area of retrievable TRU waste management. As noted in
the referenced work by Ellis, plans should eventually be made for retrieving this
waste and repackaging as necessary for shipment to a Federal repository. At
present, there are no firm plans for the location of such repositories, nor are
the requirements for packaging of the wastes finalized. Acceptance criteria for
wastes to be shipped to the Waste Isolation Pilot Plant in southeastern New
Mexico have been developed (Irby, 1980), but it is not clear at this point
whether or not ORNL's TRU wastes will be sent to this facility or to some other,
as yet, undefined site. In either case, it appears that these packaging criteria
could be met at the time the waste is retrieved from its present storage
facilities in preparation for this trip. Comsidering this fact and the degree of
uncertainty still surrounding the ultimate disposition of these wastes, it is
G/C's opinion that ORNL should continue its present packaging/storage methods
~while assuming 2 wait-and-see attitude with regard to DOE plans for fimal

disposition of this waste material.
1. Leaching of Radionuclides from Burial Grounds

For the first six months of 1979, the uncontrolled amount of Sr-90 released
into White Oak Lake was 1.58 Ci, which was 95 percent of the total amount
‘released during that period (Costomiris, 1980). As shown in Figure A.1-2,
the total yearly amount of Sr~89/Sr-90 released by all ORNL sources to White
Oak Lake dating back to 1965 has varied considerably, ranging from a high of
10.2 Ci in 1974 to a low of 2.2 Ci in 1978. At present, this situation does
not represent a safety hazard because the concentration after dilutiom in
the Clinch River is less than one percent of MPC values for even the 10.2 Ci

release in 1974. However, for reasons as discussed below, releases may not
be ALARA in all cases.

Chapter 0511 of the DOE Manual states, in part, that "continuing efforts
shall be made to develop and use improved technology for reducing the
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radioactivity releases to the lowest technically and economically practical
level." However, DOE gives no quantitative guidelines for determining what
a "practical" lower limit is. In contrast, for reactor facilities under the
regulatory jurisdiction of the NRC, Appendix I of Title 10 CFR 50, gives
specific values for use in judging whether or not the facility is meeting
ALARA criteria.

Figure A.1-1 indicates that there has been a steady downward trend in the
total amount of activity released to the enviromment via liquid discharges,
and for the past three years, it appears thét ORNL would even satisfy the
very conservative release criteria applicable only to commercial LWR
facilities. On this basis, then, it would appear that ORNL's current
releases are ALARA. However, consideration should be given to the following
factors that may affect the ORNL situation:

o Monthly release reports are basad on readings at the outfall of White
Oak Dam. However, releases are known to have occurred in the past via
at least one additional pathway (that being Racoon Creek). There is
also a possibility that some unmonitored activity could reach the
Clinch River from SWSA 6 via groundwater entering an unidentified creek
ruaning parallel to White Wing Road northwest of this storage area.

All such additional releases must be considered when evaluating

compliance with ALARA criteria.

o Waste Management Operations' monthly release reports give only the
total beta activity released into the environment. Reports on the
amount of gamma activity being released were not provided for inclusion
in this assessment, but must also be considered, since allowable limits

should include total beta-gamma releases, not just beta.

0 At present, the outfall of White Oak Dam is considered the point of
interface between ORNL and the environment. Should this interface ever
be moved upstream of this point to where activity first enters White
Oak Creek or White QOak Lake, the activity releases at the new interface

point would be higher than those now reported. The existing monitoring
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system does not allow one to determine how much of an increase there

would be as a result of this change, but from the readings at Sample

Stations 3 & 4, it can be seen that the total release would be higher
than what is released off-site at White Oak Dam.

Excessive Land Usage Caused by Present Burial Practices

As noted above, the second undesirable feature of shallow land burial, as
practiced at ORNL, is the relatively large amount of land usage. Since this
land is contaminated, either directly or indirectly as a result of this
practice, it would be rendered useless for other purposes for several
hundred years after the site is closed (Rodgers, 1979). Compounding this is
the fact that ORNL's geological/hydrological conditions are not well suited
to this method of disposal. The ORNL site is composed primarily of four
geoiogical units. These are the Conasauga Group, the Knox Group, the Rome
Formation and the Chickamauga Group. A detailed study of the
characteristics of each of these groups and the potential of areas underlaid
by them for shallow land burial has shown that only the Comasauga and Knox
Groups have reasonable potential for waste disposal (Allen 1980). The Knox
Group being the less desireable for radioactive waste, the referenced study
recommended that the Knox Group areas be reserved for sanitary landfill and

that the Comasauga shale areas be used for radioactive waste disposal.

The Conasauga Group is composed primarily of shale and limestone formation.
This group has relatively high sorptive properties and moderate ion-exchange
capacities, resulting in some degree of retardation of the migratiom of -
certain radionuclides. However, this-benefit is offset somewhat by the fact
that fractures are often found in these formations, allowing radionuclides
to migrate into the groundwater. This factor, coupled with the relatively
shallow depth to the water table (from zero to six meters in many areas of
both Melton and Bethel Valleys), places limitations on the type of shallow
land burial techaiques used, which in turn result in less efficient land
usage (i.e. less waste buried per m2 of surface area). These factors were
not fully considered when SWSA-1, 2, 3 and 4 were opened. Some of the waste

in these areas was buried very close to the existing ground water level,

st
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resulting in the waste being inundated during periods when the water table
was above normal. Undoubtedly, conditions such as this are a major cause of
the uncontrolled activity releases observed in White Oak Lake.

In operating SWSA-5 and 6, more care has been taken to remain above the
water table and to keep surface water runoff out of the trenches while they
are being filled. However, since the .water table is high in a large portion
of both of these disposal areas, larger land areas have had to be used per
volume of waste disposed of. In spite of these precautions, a detailed
study conducted in 1980 (Allen) has indicated that shallow land burial, as
presently being practiced at ORNL, does not meet certain requirements of
existing RCRA and EPA guidelines for hazardous waste disposal, as well as
those proposed in draft Title 10 CFR 61 for radioactive waste disposal.
This report goes on to state that because of ORNL's site specific
conditions, all of these regulations would have to be modified or ORNL's
burial techniques would have to be substantially upgraded if ORNL were ever

required to follow these regulations.

Other studies have reached conclusions similar to those given above. For
example, a recent review of all existing low-level waste burial sites by the
U.S. Geological Survey (Robertson 1979) concluded "that all sites ... except
Oak Ridge, Tennessee, and possibly Maxey Flats, Kentucky, might have
acceptable geohydrologic conditions, if the quantity of water entering the
filled trenches through the trench caps could be adequately controlled."

As another example, the Safety Analysis Report for SRW disposal activities
at ORNL (Binford and Gissel 1975) concludes that "while burial of slightly
contaminated waste is undoubtedly the quickest, cheapest and perhaps safest
way to remove it from the environment, the procedure is wasteful of land
because it utilizes a very large area for the storage of a very small amount
of radioactivity.”

The negative aspects of shallow land burial, as practiced at ORNL, are
compounded by the fact that waste volumes are not reduced to the maximum
extent possible before disposal. Chapter 0511 of the DOE Manual states that

RN ¢ £ 3.2 G 2 SN )
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"tochnical and administrative efforts shall be directed toward a marked
reduction of a) the gross volume of solid waste generated in (DOE)
operations and b) the amount of radioactivity in such wastes. Volume
reduction technology, such as compaction and incineration, shall be adapted
for use with radioactive solid wastes and placed in operation wherever
practical." In-the past few years, ORNL has taken numerous steps to improve
compliance with this policy. These have included: a) emphasis on control
of materials entering contamination zomes; b) segregation of noncontaminated

waste from contaminated waste and locking of the major collection containers

(dumpsters) for contaminated waste with assignment of the access key to the

dumpsters to the health physics surveyors; c) separation of low-level
radioactive waste into a compactible part (with compaction at the burial
ground prior to burial) and a noncompactible part; d) a decontamination
program; e) better packaging to reduce voids and facilitate handling;

f) operation of a landfill for low-hazard contaminated waste, (i.e., waste
with no measurable contamination b& radiation survey but judged, because of
its history, to be radioactively contaminated above "green tag" limits) and
finally; g) charging of generators for disposal of currently generated

waste.

These efforts in combination with the fact that im recent years the
Laboratory has reduced R & D efforts in areas requiring the handling or
production of radioactive materials, have been successful in helping to
reduce the amount of waste buried since 1977 to 50 percent of the average
amount buried in'the previous ten years. Nevertheless, at the present rate
of generation, SWSA-6 will be filled within ten more years, requiring that a
new SWSA be constructed by 1988 to meet the needs of the laboratory after
1990. Given the problems associated with shallow land burial at ORNL,
expansion of the.present burial grounds without a commensurate effort to
further reduce the volume of waste generated does not fully satisfy DOE's
stated objective of minimizing "the extent and degree of radioactive

contamination of land by (bOE) waste management activities" (Pittman 1973).

Assignment of a priority level to the concerns addressed here is complicated

first by the fact that these concerns deal with both existing burial grounds

N2
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and future burial practices and second by the fact that the concerns are
somewhat different in each case. For existing burial trenches, disposal
pits, etc., the total amount of activity migrating into ground water that
reaches the site boundaries seems to have leveled off at a small amount
which does not represent a significant hazard to the genmeral public or the
environment. However, because of the unknowns and uncertainties associated
with these existing wastes, the potential does exist for more significant
interactions between them and the environment in the future. For this
reason, this portion of the concerns discussed herein is considered a
Priority Level III item for planning purposes. For future waste disposal

_activities, factors such as more restrictive regulations and increased

volumes of waste (due to D& activities, new pilot plant projects, etc.)
could have a significant impact on the requirements for volume reduction and
the techniques to be used for disposal of wastes in SWSA-7. The impact
these factors will have on the design and economics associated with SWSA-7
could be substantial and for this reason, concerns over future waste
disposal activities have been assigned a Priority Level II for planning
purposes.

3.1.1.2 Recommended Actions

Existing Burial Trenches

o For the existing SWSA's, current programs for investigating the
environmental impact of the buried wastes and means of mitigating these
effects should be continued. These programs are needed for identifying
solutions to ORNL's site specific problems. In addition, the
information learned from these R&D programs will be of great value to
those involved in the planning of future shallow land burial facilities

on both natiomal and regional levels.

Proéram planning for these R&D projects is outlined in detail in DOE
Field Task Proposal/Agreement Number ONL-WNO2 (Task Title "ORNL Site
Specific Low Level Waste Studies!). Gilbert/Commonwealth has reviewed

this and related documents and is in general agreement with the scope
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and direction of these projects. However Gilbert/ Commonwealth
believes there are two areas in need of further definition and
development in these plans. The first of these has to do with need for
a more quantitative definition of the improvement objectives for ORNL's
site specific conditions. Previously, note was made of the fact that
quantitative numbers do not exist for determining whether or not
operation at DOE sites are being conducted in an ALARA manner. At
present, the amount of activity being released from ORNL's burial sites
is already quite low. Therefore, before proceeding with costly, long
range projects to further reduce releases, some specific goals should
be set in terms of the annual quantity of activity discharged, the rate
of progression of land area contamination via migration through the

groundwater, and acceptable on-site groundwater contamination levels.

The second area needing improvement has to do with defining the
interrelationships between ORNL's R&D efforts and the needs for
national and regional efforts to upgrade shallow land burial practices.
There is no question that much of the work being done or being proposed
by ORNL will be of great use in these generic efforts. However, no
where in ORNL's present planning documents is it apparent that formal
discussions have been undertaken to clearly define the direction and
approach ORNL's R&D efforts should be taking to support these broader
based plans in the most efficient and cost effective manner possible.
Through discussions with the other agencies and groups involved, these
requirements should be formalized and made a part of the planning of
ORNL's future R&D efforts in this area.

A formdlized groundwater monitoring program should be established for
all of the existing SWSA's, including the abandoned chemical waste
disposal sites for liquid intermediate level wastes. Several studies
have already been made (Switek, 1980 & 1981) to determine the number
and location of monitoring wells required to satisfy the needs of such
a program. Gilbert/Commonwealth concurrs with the recommendations of
these studies, particularly the need for monitoring groundwater in the

area at the head of Racoon Creek. Gilbert/Commonwéhlth also recommends

~a*
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that monitoriné include other areas that would not appear, on the basis
of topography alone, to be areas where radionuclide migration via
groundwater could occur, but where such migration may occur as a result
of either fractures in the shale formations or the creation of channels
in the limestone "stringers' that have been found in some shale
formations on the site. In particular, the drainage area on the
northwest side of White Wing Road adjacent to SWSA-6 should be
included, since this area drains into the Clinch River downstream of
any momitors on White Oak Creek.

In setting up this program, efforts should be made, where possible, to
coordinate the work with that of other agencies (EPA, US Geological
Survey, etc.) to avoid unnecessary duplications of effort and other
inefficiencies. A cooperative effort on the part of these groups in
developing and operating the monitoring program might also permit
expansion of the program (number of wells, area covered, sampling
frequency, etc.) without additional expenditure on the part of any of
the agencies involved.

Formal procedures should be developed for all aspects of the monitoring
program. As a minimum these should address the following:

a. Selection of well locations

i) Criteria for selecting locations

ii) Approval chain for selected locations
b. Sampling requirements

i) Frequency

ii) Sample parameters
c. Reporting requirements

i) Distribution

ii) Frequency
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d. Interrelationship with disposal operatioms

i) Establishment of benchmark background water quality levels
ii) Criteria for unacceptable water quality levels

iii) Corrective action requirements/motifications
e. Periodic review/update of monitoring program needs

i) Application to new SWSA's
ii) Adjustments for changes in conditions (increases in migration
rates, etc.)

The groundwater monitoring program is am integral part of the long term
site surveillance required for any radwaste burial operation. For
commercial sites, surveillance programs must be established that will
endure for 150 years or more. Programs for DOE sites such as ORNL
should be at least as durable. Therefore, the importance of properly
documenting the design of the momitoring system and formalizing

procedures for use of this system cannot be overemphasized.

For existing burial grounds, if uncorrectable problems develop in the
future, then as a last resort, the ORNL may need to consider exhuming
individual trenches on a case-by-case basis. Exhuming and redisposal
of these wastes poses potential problems in itself and such an eventual
course of action will have to be carefully planned. In preparation for
responding to such conditions in a timely manner, preliminary plans
should be developed now for exhuming a typical disposal trench. The
most likely candidate for such action would be one of the abandoned
liquid ILW disposal pits, which together contain more than one million
curies of mixed fission products. As a starting point for this task,
the exhumation methods developed for a generic commercial shallow land
burial facility (Murphy and Holter, 1980) should be applied to ORNL's
site specific conditions. This approach would not only reduce the cost
of planning such a project for the ORNL site, but would also serve as a
valuable'check of the validity and completeness of the NRC's generic

planning documents for decommissioning shallow land burial facilities.

——
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In order to develop plans for decommissioning an ILW disposal pit, the
isotopic content of these'pits must f;rsf be know. This information
would be available as a result of the work outlined in Section 3.2.3 of
this appendix. On the basis of this data being available and use of
tﬁe decommissioning plan outlined in NUREG/CR-0570, site specific
planning for ORNL's disposal trenches would require an estimated six
months and 2000 engineering manhours to complete.

2. Future Waste Disposal Operations

At the present rate of waste generation, the storage capacity of SWSA-6
will be.entirely used up within ten years. The capacity of this burial
facility could be depleted even soonmer if large scale decommissioning
of surblus facilities and/or startup of any major mew plant projects
were to occur within the next ten years. On this basis, new burial
facilities could be needed within another five years. Therefore,
planning, site selection, and environmental monitoring programs for the
candidate sites should begin as soon as possible. Specific objectives
that this new burial facilitiy should meet are:

a. Adequately handle the anticipated additional volumes of waste
generated by future D & D projects and/or future pilot plant
projects, assuming no improvements over present segregation,

packaging or volume reduction techniques prior to disposal.

b. Compliance with existing RCRA and EPA guidelines for hazardous
waste disposal where these apply to ORNL's wastes.

c. Compliance with the intent of NRC requirements for commercial
shallow land burial facilities, as proposed in draft
Title 10CFR61.

Several studies have already beern undertaken to identify the necessary
attributes of a burial-.site and of burial techniques to meet these

objectives. After reviewing these studies, G/C concurs with the
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recommendation by Chancy, et.al. (1980) that the new SWSA should be a
hybrid combination of diked (mounded) trenches, unlined trenches, and
concrete modules. Design of the new SWSA should begin on this basis.
However, upon completion of this design work, the impact of increased
volume reduction of wastes should be considered, based on the outcome
of the VR study called for under Item 2b below. The disposal facility
design should not depend on any new volume reduction capability beyond
what is presently available (i.e., compaction of dry compressible
wastes). However, the inherent flexibility of the hybrid design would
allow future changes to be made (such as the number of comcrete modules
versus diked trenches, etc.) as new Qolume reduction capability is
added at some future date.

Two alternmatives to the hybrid shallow land burial facility were
considered during the course of this study. These were engineered
storage facilities and offsite disposal. While both of these optioms
have certain advantages over onsite shallow land burial, it was
concluded that these are outweighed by their disadvantages as discussed
below:

Engineered storage facilities are an extension of the simple concrete
bunker arrangement. Their chief advantage is that they completely
isolate the stored waste from the environment and are indpendent of
site geology/hydrology conditions. However, the cost of such a
facility is in the range of $1200 to $1500/m3 of stored waste, whereas
a concrete bunker is estimated to cost $250/m3 of stored waste (Clancy,
1980). In comparison, the base costs for disposal of ORNL waste by
trench burial and hydrofracturing are currently $268/m3 and $264/m3,
respectively. Under recently enacted guidelines, ORNL waste generators
can also be assessed radiation penalty fees amounting to as much as

100 times the base cost depending on activity levels and
storage/disposal method. By properly segregating wastes into
categories for disposal via trench, diked trench or concrete module,

the advantages of an engineered storage facility (i.e., minimal land

N
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usage and land contaimination) can be attained to a satisfactory degree
without the significant expense associated with engineered storage
facilities. Looking at the costs presented above, it is obvious that
the use of engineered storage facilities at ORNL on a large scale would
only be viable (economlcally speakxng) if additiomal VR equipment were
in place to substant1ally reduce the volume of waste to be stored.
However, placement and operationm of VR and repackaging facilities add
substantial costs in themselves. A study conducted for ORNL by Bechtel
(Stang 1980) has estimated that the construction costs for an
incineration and metals reduction facility would be $25 million.
Assuming a thirty year life for the facility and that 1300M3 of waste
were handled each (See Table A.1-2), the capital cost of the facility
alone would be $640/M3 of waste handled. Based on operating experience
at Ontario Hydro's Bruce generating station and other data, the
operating costs of the incinerator and follow-up solidification system
would be approximately SSOO/H3 and $750/M3, respectively. While these
simplistic cost figures cannot be used to determine the economics of VR
for ORNL, they do tend to show that on the basis of cost alone, large
scale VR for ORNL's wastes may not be practical. Other, more

intangible factors, such as the desire or need to reduce land

utilization contamination and ORNL's leadership role in developing and

demonstrating new technologies may be necessary to comsider in order to
justify large scale VR at ORNL. .
The second alternative to improve onsite shallow land burial techniques
would be to package the waste for transportation to a regional disposal
facility that has superior geological/hydrological site conditions.
This would eliminate land usage and contamination of the environment

around ORNL altogether but would have the following disadvantages:

a. Unless the regional facility was an engineered storage structure
or deep geological disposal site, this alternative would only
transfer the land utilization and contamination problems from ORNL

to another location.
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The added cost for packaging and transporting the wastes offsite
would increase the total disposal costs substantially. For
example, shipment of dewatered or dry waste in a liner and shieled
cask from a southeastern state to Barnwell, SC costs §700 to
$1400/m3 for the disposable liner and transport vehicle. Manpower
costs for packaging and inspection before shipment could add as
much as $350 to $700/m3-to these costs. In comparison, disposal
at Barnwell costs $125 to $500/m3, depending on radiation level
and container size. For this example, then, tramsportation
offsite could increase total disposal costs by a factor of five to

ten over the cost of onsite disposal.

The added risks of dispersion due to fires or tramsportation
accidents and the increases in personnel exposure attendant with
the increased amount of handling that would be required would
offset the long-term health and safety benefits gained by removing
the waste from the site.

Political, legal and regulatory obsta;les would have to be
overcome before this waste could be shipped offsite, especially if
the regional site was also being used to dispose of commercial
nuclear industry waste. Such a facility would come under the
regulation of the NRC and proposed 10 CRF 61, which is now being
circulated industry-wide for review and comment. This regulation
sets up three basic categories (A,B, & C) of wastes for handling
by a shallow land burial facility. The characteristics of these
waste categories, the packaging requirements for each and the
burial methods for each are summarized in Tables B.3-14 through
B.3-17. Of particular interest to ORNL is Table B.3-15, which
gives the proposed activity limits for all categories of waste to
be accepted for shallow land burial under these new guidelines.
Comparing this table with Table A.1-1 for ORNL's SRW, it can be
seen that, taking ORNL's SRW as a whole and averaging the activity
level, these wastes would be considered Class B or C waste (if the

predominant isotope were Sr-90). Comparing this table with the
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data in Table A.1-13, it can be seen that it would not be possible
and a 10 CFR 61 rules to solidify and bury much of ORNL's
intermediate level wastes in a commercial shallow land burial

facility because of -the high activity levels in these wastes.

Considering all the above disadvantages, transportation of ORNL's
wastes offsite for storage or disposal does not appear to be viable at

this time. However, because future changes in regulatory or ecomomic

"conditions could alter this conclusion, it is suggested that ORNAL take

an active part in any formal discussioms concerning creation of a
regional storage/disposal facility for the southeastern part of the
United States.

For a new SWSA, it is estimated that a minimum of three years would be
required to select a site, set up an environmental monitoring program,
design the facility, and perform initial site work (grubbing, grading,
construction of administration/maintenance facilities, etc.). These
initial design and construction costs are estimated to be 2.5 million
dollars. Operating costs, which are not included in this figure, would
not be substantially differeat from ORNL's curremnt costs for operation
of a shallow land burial facility.

A comprehensive study should be conducted of 3ll potential means of
volume reducing ORNL's various types of liquid and solid radioactive
wastes prior to disposal. Where necessary this may also entail small
scale testing or demonstration programs. The results of this work
would be used to determine what additional VR methods should be
instituted now or at some time in the future. Consideration should be
given to the full range of VR options, from modest, small scale project
such as better segregation of wastes to major capital improvement
projects sugh as installation of an incinerator. A partial listing of
VR options which should be addressed is included in Table B.3-13.
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Each VR option should be evaluated separately on the basis of at least

the following parameters:

a.

Effectiveness in reducing overall volume of waste.
Operating experience

Maintainability

Durability

Safety (radiation exposure, criticality, process safety, normal/

accident situations, etc.)
Potential as a subject for R&D work by ORNL
Flexibility for handling future D& and/or pilot plant wastes

Availability (commercially available, conceptual design stage,
etc.)

Applicability to commercial powef plant wastes

Economic viability (net savings or increase in capital/operating
costs) consider both present economic parameters and future
changes in these parameters, such as DOE's directive to begin
charging user's of ORNL's shallow land burial facility at rates

which are comparable to those of commercial burial facilities.

Impact on various disposal methods (current and future methods)

The results of .this study should be presented in a document format that

will allow for periodic updating as necessitated by changes in

technological, economic, or regulatory conditions. The resulting

report would be used as a basic source document for making waste
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management planning decisions; and as such, it should be reviewed and
updated periodically to remain relevant and useful to ORNL's needs.

In order to conduct this VR study effectively, complete information
must first be gathered concerning the wastes produced by all present
and potential future liquid/solid radwaste generators. For liquid
wastes, this information would be available as a result of the work
outiined in Appendix B.3.5.3. Similar background information should be
gathered for all solid radwaste generators (a great deal of this
information is already available in the SWIMS repdrts). Once all of
this information has been collected, it is estimated that the initial
VR study would require 3000 manhours and six months to complete.

Proceed with planning of a joint venture for installation of a
hazardous waste/radioactive waste incinerator for shared use by all
UCC-ND sites. Conceptual plans for this incinerator have been
completed and the project is now on hold for the next budget cycle. At
present, the conceptual design calls for this facility to handle only
U-235 contaminated waste. The potential for expanding this capability
to permit incineration of other types of low-level radioactive waste
should be explored during t@e detailed design phase of this project.

LIQUID RADIQACTIVE WASTE (LRW) MANAGEMENT

Liquid LLW Collection

Discussion

The liquid LLW collection subsystem for ORNL is showa schematically in

Figures 3.2-3 and 3.2-4. The available data for this subsystem are incomplete

» P
and do not accurately reflect conditioms as they currently exist. The radwaste

system atlas drawings ‘idnicate the general piping configuration for the subsystem

as of December, 1970, but do not reflect additions or modifications made since

that time. The relative age of the system piping and hydraulic information, such

as pipe invert and pond elevations, are not recorded on these drawings. This
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general lack of complete and accurate system information is an easily retrievable
form has prevented a comprehensive evaluation of the adequacy of the collection

system.

Another major source of extraneous system flow is attributable to in-leakage into
the collection system under Building 3047 (Burch, 1972). In addition to these
two identified sources of extraneous water, the relative age of the system
indicates a potential for other unidentified sources of in-leakage into the
system. There are numerous mechanisms by which extraneous flow can enter a
collection system. The primary mechanism in older vitrified clay pipe systems is
by faulty joints in pipe sectionms. ln.conventional collection systems this form
of in-leakage can account for the majority of the extraneous system flows. Pipe
failures due to settlement or loading, inflow through manhole covers and
in-leakage through manhole walls are common sources of the remaining extraneous

flows.

There is insufficient data available to accurately assess the condition of the
collection system piping, all of which is buried underground. However, there are
a number of things that point toward the conclusion that this system is leaking
badly. Much of the piping is vitrified clay pipe installed 30 or more years ago.
A note alongside one section of eight-inch pipe shown on the system atlas
drawings states that this pipe "presently acts as a French drain, though not by
intent." During heavy rainfall periods, the LLW system operators report that
input volumes to the system are extremely high, approaching the system's
processing capability limit. This again points to the likelihood of major
leakage points in the collection system. Conditions such as those described
above would cause in-flow of unwanted ground water after heavy rains or when the
water table is high. Not only is this situation undesireable from the standpoint
of increasing operating costs, but it also decreases the processing system's
efficiency for removal of radionuclides and increases the potential for releasing
excessive waste volumes directly to the enviromment via existing automatic
overflow diverters which bypass the process system altogether during peak load
periods, sending the excess flow directly to White Oak Creek or the sanitary
waste system. During dry periods when the water table is low, contaminated waste

water could leak out of these faulty pipe sections, creating a situation that

W/
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does not conform to monitoring requirements and ALARA criteria for releases of
radionuclides to the enviromment.

The LLW collection system has insufficient capability for detecting system
in-leakage or out-leakage or for pinpointing the source of leakage. There is no
means for isolating and testing individual runs of piping. As shown in

Figure A.2-3, not all of the manholes in the 3ystem have equipment for monitoring
flow rates; and in most cases, there are numerous buildings and large amounts of
piping upstream of each of these monitoring points. Currently, the only way of
detecting a leak is to shut off the water supply to the section of the complex
suspected to contain a leak and to observe any change in total input to the LIW
system. Besides the obvious inconvenience this causes (it is usually done on a
weekend to minimize the impact on other activities), it does not pinpoint the
source of leakage, since there are hundreds of feet of buried piping between the
monitor station and the known water sources (i.e., buildings with domestic water
supply llnes) ' ’ »

Evaluation of available data indicates the existence of numerous hydraulic design
limitations in the collection system. The severity of these bydraulic
constraints cannot be fully evaluated due to the lack of accurate elevation data
and peak flow data for the collection system. A major hydraulic conmstraint
exists in the collection system servicing Buildings 2000, 2001 and 3017. The LLW

‘from these buildings is transported through 25.4 cm vitrified pipe to Manhole 93.

The effluent line from Manhole 93 is a 20.3 cm vitrified pipe. This
configuration is subject to potential line blockage and flow restriction. At
present, none of the work being done in these buildings involves the use of
radionuclides that could enter the drainage system, so the drains from these
buildings have been diverted to the storm drains. Should the need ever arise to
redirect these drains to the LLW system, the problems with the present piping
arrangement could cause a flow blockage that would result in radioactive waste
overflowing to the storm sewers. Additional flow constraints exist in areas
where the gravity lines change direction without the use of manholes. This
configuration is subject to solids accumulation and should be avoided when
feasible. Blockages occurring in areas where this has béén done would require
extensive efforts to remove.
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The remaining area of concern in the LLW collection system is the use of overflow
bypasses to the storm sewer collection system should curremt State and EPA
regulations governing treatment/collection system bypasses become applicable to
the ORNL site. They might require elimination of the existing system bypasses
and overflows because their potent%al use during peak loading periods could
result in a situation that would not be ALARA. Elimination of these safety valve
features would be expected to have a major detrimental effect on performance of

the LLW processing system during these peak periods.

Due to the very low activity levels normally present in the LLW input streams
(<10-5pCi/cc), the uncontrolled release of radionuclides into the groundwater via
this pathway 'is not considered to be a significant safety hazard. ' Since the
processing costs for the LLW system are also very low, ($1.30/1,000 liters),
economic concerns over this situation may also be insignificant at present. On
this basis then, this area is considered a Priority Level III item at this time.
However, as discussed below, these concerns could attain a higher priority level

in the future under different operating and/or regulatory conditioms.

3.2.1.2 Recommended Actions

1. In order to fully evaluate the conditions of the piping for the existing
collection subsystem, complete and accurate information is required. The
existing collection system should be verified by spot field checking against
the available drawings; and all modificatioms, invert elévations, pipe
material, manhole elevations, etc. should be annotated on a single set of
system drawings. These drawings should be updated upon completion of any
additions or modifications to the system and reflect true as-built
conditions. This basic information is essential for full evaluation of the
LLW system and efficient operations and maintenance activities. This task
could take three to six months to complete and require up to 1,000 manhours

of engineering time.
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Upon assimilation of accurate and complete system data, a water balance for
the collection system should be performed to identify problem areas and to
verify previously reported conditions. As part of an overall system water
balance, additional flow measurement devices should be installed to quantify
the waste flows generated from each building and to obtain system flows
during wet and dry weather periods. The flow measurement devices
recommended are portable non-electric V-notch totalizing units as shown in
Figure A.3-1. These units are available for standard pipe sizes ranging
from 15.25 to 38 cm diameters. The estimated (April 1981) budget cost for
purchase of individual units is approximately $2,000 per unit. These units
are also available on a rental basis from the manufacturer. Additional weir
and probe assemblies are available without the bubbler and totalizer system
for prices ranging from $329 for a 15.25 cm weir to $427 for a 38 cm weir
(April 1981 unit prices). Individual weir and probe umits may be left in
place to routinely check flows in critical areas of the system.

In order' to assimilate accurate system flow data for wet and dry weather
conditions, flow data is required for each area in the system. These data
can be collected in one of two general ways. The first method is to place
sufficient flow measuring devices within the system to simultaneously
collect data from all areas. This apéroach would possibly require up to 30
individual flow recording units. A second, and more cost effective, method
would be to monitor one section of piping at a time and then correlate the
sum total of this data to the total system flow, as recorded at the inlet to
the process waste basin. This approach would require a minimal number of
flow monitoring units, ranging from a low of two umits up to as many as six,
depending on the size and complexity of the individual section being
monitored. For either method, precise requirements for locating the
monitors should ‘be determined from data obtained from verified, as-built

design drawings, supplemented by field investigations where necessary.

The time span required to assimilate the necessary flow data will vary with
the method of data aquisition used and climatic conditions prevailing at the
time of the program start. Under normal conditionms, this time span could be
expected to range from six to nine months, requiring 500 to 1,000 manhours
to complete.
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Upon completion of the overall system water balance, a number of altermative
system correction methods should be developed and evaluated. Possible
collection system alternatives include the following:

o Replacement of existing manhole covers with water tight units.

o Grouting of exterior portions of manhole walls with waste compatible
grouts such as 3M-OAKUM-FMBACO Mix.

o Replacement of manholes with precast water tight units.
o Collection line replacement.

o Slip lining existing collection system (15.25 cm and larger pipe) with
extruded liner such as Phillips Petroleum Drisco pipe liner.

o Grouting individual pipe joints with waste compatible grout such as 3M
Foam. )
o In situ lining of existing collection system (15.25 cm and larger pipe)

with membrane liner.

Each of these altermatives should be evaluated on the basis of the relative
effectiveness in stopping inleakage/outleakage, service life, total costs;
constructability, and disruptive impact on ORNL operations during
installation. In making this evaluation, the impact of proposed D&D
gctivities on overall system flows should be used as input in addition to

the data gained from the water balance study.

The precise level of collection system corrections required is a function of
treatment -costs, disposal costs and ALARA constraints. A major factor to
consider in evaluating the cost versus benefits of any of these improvement
alternatives is the potential these corrective actions have for eliminating
the need to process LLW on a routine basis prior to discharge. Inspection
of Table A.1-9 indicates that since 1977, 90 to 96 percent of the
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radionuclides coming into the LLW system originate from two sources =
inleakage of groundwater between MH 112 and MH 114 and the tank farm
drainage. The first of these could be eliminated if the section of drain
piping in question were replaced or repaired, and the second will be
eliminated once the tank farms are decommissioned. Thus, if these tasks
were accomplished, a reduction of 90 to 95 percent in activity releases
would be realized without any processing at all. In comparison, data from a
recent evaluation of the LLW treatment plant (Chilton 1980) indicated that
activity reductions of 93 to 98 percent were achieved for sample runs
through the SP-IX process. This suggests that ofice these two large
contributors of activity have been eliminated, all wastes collected in
Process Basin 3524 could norﬁally be bypassed directly to White Oak Creek
without any processing, as is now normally done for wastes collected in
Basins 3539 and 3540. Based on an operating cost of $1.30/1,000 liter of
raw waste for the LLW treatment plant, this would result in an annual
savings of over $200,000 in operating costs. Bypassing of the LLW treatment
plant under these conditions also appears to be acceptable from an ALARA
standpoint, éince, to process the LLW that remains would mean an additional
reduction in activity releases of only five to 10 percent below a value that
already is well below MPC levels.

Another significant cost factor to comsider in determining the cost benefits
of these alternatives is the cost that would be incurred if it is aver made
a requirement that sludge from the LLW processing plant be solidified rather
than disposed of in open pits as is now the case. This would add
significantly to the cost of operating the LLW system and would be an
additional justification for making any repairs to the collection system
that would substantially reduce the volume of waste inputs to the system.

Weighted against these possible operating cost savings are the capital costs
associated with each corrective action altermative. Estimated costs for

each of the alternatives are summarized below:

Alternative Correction System 1 - This correction method includes the

replacement of manhole lids with water tight covers, grouting of exterior

surface of the manholes, televised observation and cleaning of the line
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segment in combination with pressure testing all joints in pipe and grouting
30 percent of the pipe joints. The grout used for the pipe segment is 3M
Foam grout. The pipe joints are water pressure tested under one-pound
pressure. Those joints that fail are grouted and retested. If the joimt

fails again, the process is repeated until it passes.

The grouting of the exterior walls of the manholes is accomplished by
excavating around the manhole, light cleaning of the walls and an
application of a mixture of 3M and Oakum mix 7.6 to 15.25 cm in thickness.
This initial coating is then covered with an application of waterproofing
grout. The completed unit is backfilled after curing. Total cost for this
alternative averages out to $19/meters for pipe ranging in diameter from
20.3 cm inches to 38 cm.

Alternative Correction System 2 - This correction method includes

replacement of manhole covers. and grouting of the exterior manhole walls as
in Alternative Correction System 1, but in lieu of grouting the line
segment, a slip liner is to be installed.

Prior to slip lining the line segment, the collection line is television
inspected and cleaned. A pit of sufficient length is excavated downstream
of the lower manhole and an access hole is made into the system for
insertion of the liner. Pulling cables are installed between the access
point on the upper manhole and the liner is attached to the puller system.
Sufficient lengths of extruded limer (SDR 32.5) are field joined prior to
the start of the pulling operation. The liner is pulled through the line
and bonded to the existing pipe at the manholes by filling the annular space
with a bonding material. Upon completion of the line installationm, the
access pit is backfilled. For this alternative, the total cost ranges from

$80/m for 20.3 cm diameter pipe to $116/m for 38 cm diameter pipe.

Alternative Correction System 3 - This correction method includes

replacement of manhole covers and grouting of the exterior manhole walls as
in Alternative Correction Systems 1 and 2, but in lieu of using an extruded

liner, a membrane liner is to be installed.
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Prior to installation of the membrane liner the collection line is
television inspected and cleaned. A custom fabricated resin coated membrane
liner is prepared. One end of this liner has been sealed to form a bag
arrangement. The liner is installed in the pipe by floating the liner down
the pipe with water as shown in Figure B.3-2. Once the liner has been fully f
extended in the pipe, the bag is filled with water to place the membrane
against the existing pipe wall. To bond the membrane to the pipe wall, the
water is heated to a predetermined temperature and maintained for a set
period to allow the resin coating to form a bond between the membrane and
the pipe wall. The temperature in the segment is monitored to ensure a good
bond. Upon completion of the bonding operation, the sealed end of the
membrane is cut off and the water drained out. The ends of the limer are
bonded to the existing pipe ends with the use of resins and grout as
required. For this alternative, the total cost ranges from $174/m for

20.3 cm diameter pipe to $220/m for 38 cm diameter pipe.

Alternative Correction System 4 - This correction method involves the total

replacement of the existing line segment and manholes. Due to the large
amounts of underground piping already existing in the ORNL site and the
existance of curbs and pavement, the costs for total system replacement is
considerably higher than would normally be encountered in the installation ‘
of a new system. Total cost for this alternative ranges from $103/m for f
20.3 cm diameter pipe to $148/m for 38 cm pipe.

For each of these corrective alternatives, the estimated cost for correcting
the entire LLW system is shown in Table A.3-1. These costs are for
comparison purposes only and do not reflect the exact cost for the ORNL
site. The precise method or combination of correction methods most cost
effective for the ORNL site may vary from those alternmatives considered.

The alternatives presented are typical methods utilized to correct
extraneous flow conditions in existing collection systems. Each alternative
method has its own individual benefits and limitations. The use of grouting
on existing collection system line segments is only feasible for lines

greater than 10.2 cm in diameter, with maximum horizontal deflections of

less than 10 degrees. Grouting can not be used to repair crushed pipe or

joints which are severely offset.

o
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The use of extruded slib lining for repairing of collection systems is
restricted similarly to grouting. In additiom to horizontal and vertical
deflection limits, slip lining requires large areas with relatively free

access for installation of liners.

A membrane liner system can be used in areas where horizontal and vertical
offsets preclude the use of the methods described previously. The
installation of a membrane liner system requires substantial head-room

clearances at grade level for the imnstallation equipment.

Direct replacement of line segments is restricted to areas where sufficient
hydraulic gradients exists to allow rerouting of the collection system.
Line replacement is further restricted by existing underground utilities at
a particular location. Upon completion of a new replacement section, tie
backs to the original system are required to‘intercépt existing building
drains. )

Approximately two months and 500 manhours would be required to complete an
evaluation of alternate correction measures. The time frame for
implementing the various correction alternatives ranges from six to eight
months for grouting and up to 24 months if the system is replaced. Before
any correction alternative, or combination of alternatives, can be chosen,
accurate system design data and an accurate system water balance must first

be obtained, as recommended in Items 1 and 2 above.

3.2.2 Liquid LLW-Processing

3.2.2.1 Discussion

Process Waste Basin 3524 and Process Waste Ponds 3539 and 3540 are used for
intermediate hold-up, collection and mixing purposes prior to sending the
collected wastes to Building 3518 for processing or directly to White Oak Creek
for discharge. As presently designed and operated, these ponds are not in full
compliance with ALARA criteria because they are not fully isolated from the

environment, thereby allowing unnecessary release of contamination to
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uncontrolledtareas by various means. All of the ponds. are uncovered, allowing
insects, birds and other animals to Pick up contamination and carry it elsewhere.
Contamination left behind on the banks of the basins as a result of seasonal
changes in water level can also be carried away by air currents. For the basins
that are unlined, radionuclides can also be released into the environment by
migration into the groundwater.

Because the ponds are not covered, precipitation falling on them will mix with
the waste water to be processed This increases the burden on the LIW processing
equipment, thereby increasing operating costs. During drought periods,
evaporation from the ponds would lessen the burden on the processing system, but
would cause additional airborne contamination due to uptake of radionuclides in
the water vapor.

Process Waste Basin 3524 is an unlined reservoir having a capacity of
approximately ome million gallons. This basin was constructed by excavation of
native materials and has a non-uniform wataer depth. In certain areas, excavation
was incomplete because of the presence of rock, as is evident from. the
outcropping of rock visible in the western end of the basin. The potential for
migration of radionuclides into the groundwater from this unlined basin is high.
Furthermore, based on an average annual precipitation of 150 cm, the additional
amount of water that must be processed because this basin is uncovered is four
million gallonms, resulting in an estimated additional operating cost of $25,000
per year for the LLW system. This additional cost could be substantially higher
if future regulations mandate solidification of the LLW processing system sludges
prior to disposal.

Settling Basin 3513 is an open, unlined basin constructed in the same manner as
Process. Waste Basin 3524. It contains substantial quantities of both TRU and
non-TRU wastes, thereby presenting a potential for significant contamination of
the environment. Since this pond is no longer in use and is scheduled to be
decontaminated and decommissioned once a number of environmental surveillance and
test programs are completed, further discussion of this basin is not warranted
here.
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Process Waste Ponds 3539 and 3540 are open basins with engineered, compacted clay
linings that are approximately two feet thick and that serve as impervious
barriers between the collected waste water and the ground water. The water
collected in these basins is usually very low in activity and comsequently, it is
normally not processed before being discharged to White Oak Creek. Under these
conditioms, it is not expected that these ponds would normally be a problem from
either a radiological standpoint or processing capability standpoint. However,
no data was available on the radiological content of sludges in the bottom of
these basins, the condition of the basin linings, or the potential for
off-standard, higher activity waste inputs to these basins. A final assessment

of these ponds cannot be made until this data is available.

Based on available data, the concerns identified for these process basins do not
appear to be serious emough to require correction at the present time. However,
there is insufficient data available to rule out the possibility that some action
may be necessary in the future. Because of the potential for stricter future
regulations regarding open radwaste processing systems such as this, and because
improvements to the system have the potential for lessening the economic impact
tighter eavironmental regulations may impose on the operation, this item has been
assigned to Priority Level III.

3.2.2.2 Recommended Actions

1. More detailed information must be gathered on the radiological and design
aspects of these ponds. Complete data should be obtained on pond
dimensions, bottom elevations, side wall elevations and normal water
elevations. In addition, complete analysis of the contents of Pond 3524 is
required to evaluate alternatives available. The analysis should include
both radiological and chemical analysis with the data compared to
groundwater samples obtained from the abandoned eight-inch vitified clay
pipe line west of the ponds. This groundwater sample can be obtained from
the abandoned weir south of Pond 3524. If comparative analysis of the
contents of these ponds and groundwater does not indicate leaching, it is
recommended that shallow test wells be constructed in areas adjacent to the
ponds for further verification. Groundwater samples obtained from such

shallow wells should be sufficient to indicate the ponds integrity.
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An environmental monitoring program should also be set up to gather data
necessary to determine the poteantial amount of contamination that could

become airborne or carried away by animal life.

It is estimated that the data acquisition and monitoring programs would take
3 and 12 months respectively to complete and involve 500 and 2000 manhours
of effort, respectively.

Using the data collected above, a detailed assessment should be made of the
environmental impact of the release of radionuclides from these ponds to the
environment via the various pathways discussed earlier. The cost and
effectiveness of alternative improvement plans must be included so that a
cost/benefit analysis can be performed to determine whether or not near-term
or long~term improvement projects are justified.

There are two possible alternatives available for Pond 3524 that will meet
with the intent of ALARA and reduce the potential for groundwater
contamination. One is to line and cover the existing basin and the other is
to abandon the basin in favor of closed tanks. The first alternative would
require extensive amounts of earthwork and decontamination of the existing
pond. It is assumed that the use of a liner system would be necessary due
to the method of construction employed for the original pond. The type of
liner system can be either a 36 mm CPE liner or a clay liner similar to that
utilized for Ponds 3539 and 3540. A third liner system is available that
utilizes the native soil and blends them with a clay type binder such as
Volclay SLS-100. This soil additive is mixed on a proportionate basis
dependent upon the analysis of the native soils. For this particular
application it is estimated that appfoximately four pounds of SLS-100 will
be required per square foot of basin area to obtain a permeability of

1 x 10-7 centimeters per second. Side slope protection is required for

slopes exceeding 0.92 m horizontal to 0.31 m vertical. The soil additive is -

mixed with the native soil and compacted with vibratory rollers to form a

low permeability system.
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Relative costs for installation of the various liner systems cannot be
adequately addressed without specific data on the existing pond. The
activity and chemical composition of the contents could preclude the use of
a particular liner system. For information purposes, the current material
cost for Volclay SLS-100 is $253 per metric ton (April 1981 cost) and a

36 mm CPE liner currently costs approximately $9.50/m2. These costs do not
include the expense of basin preparation or related work, i.e., they are
material costs only. To replace Pond 3524 with an equal volume system would
require a pond with bottom dimensions of 38m by 77m and a top dimension of
46m by 84m. These dimensions are based on using a ratio of two-meter
horizontally to one-meter vertical side slope, a normal water depth of 1.2m,
and 0.6m of free board. The surface area requiring lining is approximately

3930 mZ.

Selection of a suitable liner system must also consider future requirements
for solids removal from the pond. A requirement for solids removal will
restrict the installation method employed and could possibly preclude a

particular liner system's use entirely.

If Pond 3524 is to be lined, it is recommended that the pond also be
covered. The cover system can be either a fixed cover, floating cover, or
air-inflated system. Due to the high initial cost of fixed roof systems, 2

fixed cover would not prove cost effective.

The use of a floating cover system constructed of 36 mm reinforced CPE would
cost approximately $23.65/m2 without pond preparation. The impact on the
system hydraulics due to the weight of the cover combined with rain or smow
loads should be fully evaluated prior to selection of a floating cover
system. .
Should the system hydraulics restrict the use of a floating cover system, an
air-inflated cover system could be utilized. An air-inflated cover is
essentially a tent structure held in suspension above the pond by the
constant introduction of air. The inflation system comsists of a blower

assembly and a bleed air flap valve which operate to maintain a uniform

-



B.3-31

internal pressure of approximately 1.65 mm water under all ranges ;f water
level fluctuations. The floating cover system will require modification of
the normal operation of a free air discharge to incorporate an air
monitoring and cleanup system. Consideration should be given to
interconnecting the floating cover discharge air to the existing off gas
system at ORNL. Utilization of the existing off gas system, if feasible,
would reduce the cost of a floating cover system by eliminating the need for
an additional air filtration system. The approximate cost of an
air-inflated cover system is $28/m2, exclusive of pond preparation and off
gas system.

The liner system currently installed in Ponds 3539 and 3540 consists of an
essentially impervious clay liner. To monitor the integrity'of the pond
system, it is recommended that shallow monitor wells be constructed adjacent
to the ponds to verify the system integrity.

Depending on the outcome of the survey recommended in item 1 above, Ponds
3539 and 3540 may require covers to fully meet the intent of ALARA. The

cover system options for these ponds are identical to the alternatives
available for Pond 3524.

The use of closed tanks was listed above as an alternative to lining and
covering the existing basins. It is recommended that the use of the
decontaminated and decommissioned gunite tanks be investigated as an
alternative for this purpose. A study should be undertaken to evaluate -the
economic and engineering feasibility of lining the gunite tanks and
developing a pumped storage system for LLW to eliminate the use of the
current pond system altogether. Once the gunite tanks have been
decontaminated, they can be lined with a rubber or plastic coating for

leakage control at an estimated cost of $11.80/m2.

Evaluation of the various alternatives after collection of all data would
take approximately two months and 500 manhours to complete. Schedule

durations and approximate cost estimates for each of the various:i
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alternatives are presented in Table B.3-2. These figures are very
preliminary, pending the results of the data acquisition and monitoring

program recommended in Item 1.

3.2.3 Liquid LLW Sludge Disposal

3.2.3.1 Discussion

Since 1976, liquid LLW collected at ORNL has been purified by means of a
scavenging~precipitation-ion exchange (SPIX) process. Before that, this waste
stream was treated by a lime-soda-clay process. Both processes produce a
concentrated sludge that has been routinely disposed of by pumping as a dilute
(two to four percent by weight) water slurry into open settling ponds. The
sludge from the older process normally contained about 60 percent of the Sr-90 in
the raw LLW feed and was pumped to disposal ponds that were both open and
unlined. The sludge from the precipitator-clarifier portion of the new process
normally contains 50 to 70 percent of the total radioactivity in the raw LLW feed
and is disposed of in a lined settling basin in Melton Valley.

Roughly five to ten curies of various radioisotopes (primarily Sr-90 and Cs-137)
are disposed of in these pits each year. Other basins used.in the past for
disposal of wastes from various R& programs (Settling Bisin 3513 for example)
have received much higher quantities of activity. If these operations were
regulated by the NRC, they would not be comsidered an ALARA practice because of
the potential for uncontrolled and unmonitored releases to the environment by
various means similar to those discussed in Appendix B.3.2.2. This practice
would also not meet the one percent free water limit now in effect at all
commercial shallow land burial facilities and as set forth in draft Title

10 CFR 61. Furthermore, these practices do not meet DOE's own standards set
forth in Chapter 0511 of the DOE Manual, which states in part that "as soon as
technically and economically practical, the use of natural-soil columns (such as
cribs, seepage ponds, and similar facilities) ... shall be replaced with other
treatment systems." Based on these factors, a Priority Level I has been assigned
to this item.
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3.2.3.2 Recommended Actions

1.

The use of open sludge disposal pits should be discontinued. (During the
drafting of this reporft ORNL completed and demonstrated a waste process that
produces no sludge and thus eliminates this problem. The lined basin
currently in use will soon be filled and ORNL has been given permission by
DOE to continue this practice until a second new basin is filled. This new
basin has the capacity to handle the volume of sludge expected to be
generated over the next five years. Therefore, within this five-year
period, ORNL should take whatever steps are necessary to eliminate

production of this sludge or dispose of it in a more acceptable manner.

The radioisotope inventory for each abandoned settling pond, chemical waste
pit, crib or other similar facility should be determined by sample analysis
or inspection of operating records. For those facilities that are suspected
to be causing trouble, the groundwater around the perimeter of the facility
should be sampled to determine if any significant leaching is occurring.

For those facilities that are found to be leaching significant quantities of
activity or that contain large amounts of activity (such as Settling

Basin 3513) the contents should be removed and either packaged for storage
or disposal in SWSA No. 6 or disposed of in the hydrofracture faecility
(where compatible with this process and justified by activity level). Those
ponds or cribs that have been filled and abandoned, but that do not comntain
significant quantities of activity or that do not pose a serious threat of
groundwater contamination (such as the lined basin now in use for LLW sludge
disposal), should be capped with bentonite clay or other suitable impervious
material to divert rainwater and surface runoff away from the facility.
Groundwater monitoring should continue on a less frequent basis to determine

if further action may one day be required.

Inventorying of the isotopic content of each existing settling pond or pit
and monitoring of the groundwater around each pond is estimated to be a
three- to six-month project requiring up to 2000 manhours of effort. The
degree and amount of follow-up work required to decommission each pond or

pit will be dependent on the outcome of this survey. Assuming disposal of
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the basin sludge in the hydrofracture facility, complete removal of the
contents of a pond such as 3513 would take approximately three months and
cost $500,000 to $750,000. Covering a pond this size with material such as
bentonite would cost approximately $35,000 and require a month to complete.

An evaluation should be conducted of alternative means of handling LLW
system sludges after disposal in open pits is discontinued in approximately
five years. The options that should be comnsidered are:

a. Hydrofracture

b. Package dewatered sludge in containers and bury in an improved shallow

land burial facility or store above ground

c. Solidify in above-ground facility and bury in an improved shallow land

burial facility or store above ground
d. Eliminate portion of LLW process flow sheet that produces sludge.

The sludge from the LLW processing plant is very low in activity, averaging
less than five percent of the limit set by DOT for qualifying as low
specific activity (LSA) material, for which DOT has specified minimal
packaging requirements. The concentration of Sr-90 in this waste is less
than 2 pCi/gm, for which the NRC has proposed (Rodgers 1979) that there be
no administrative control after disposal. Based on these criteria, amy of
the options listed above would be more than adequate from a safety
standpoint. Therefore, final selection should be based primarily on an
economic comparison. The following discussion is not meant to be detailed
enough to serve this purpose. It should only be used as a preliminary guide

to ranking the alternatives.

Approximately 20 m3 of sludge is produced by the LLW processing system each
year. This is diluted to 300 m3 (two to four perceat by weight) for
transfer to the waste pond. For the options listed above, it is recommended

that the sludge first be dewatered using a device such as a filter press or
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traveling belt filter. The dewatering unit should be installed adjacent to
where the sludge is to be solidified and in an enclosed concrete block
structure. Minimal shielding would be required. Installed cost, including
the structure, is estimated to be $100,000. Estimated procurement,
construction and installation time is estimated to be 12 to 18 months.

For Option 2-a, it is assumed that cement solidification can handle a
maximum solids concentration of 44 percent by weight. Based on this
assumption, the solidified volume would be approximately 40 m3 per year and
the yearly cost to operate the hydrofracture facility would be approximately
$7,500. Without volume reduction, the cost would be $75,000 per year and an
excessive amount of the available shale formation would be used.

Option 2-b (disposal or storage in an unsolidified form) is considered
viable because of the very low activity concentration of the LLW sludge.
However, in keeping with current criteria for commercial shallow land burial
practices, there should be no free water associated with the waste.
Therefore, the sludge should first be dewatered using the type of equipment
descrlbed above. For disposal in an improved shallow land burial facility,
thin gauge carbon steel liners are assumed for packaging the waste. At a
liner cost of $97 per cubic meter and burial cost of $96 per cubic meter,
the total yearly cost for this option would be approximately $3,000. For
above-ground storage, thin-walled wire mesh reinforced concrete containers
with thin gauge galvanized steel liners are assumed. At an estimated unit
cost of $283 per cubic meter, this variation of Option 2-b would cost
approximately $4,500 per year. ~

Above-ground solidification (Option 2-c) could be accomplished by modifying
the hydrofracture facility now under comstruction or by purchasing a mobile
vinyl ester resin solidification system. Capital costs for these are given
in Appendix B 3.2.7. Because of the superior quality of the vinyl ester
resin product, it is assumed that galvanized steel liners would not be
required for storage above ground in concrete containers. It is also
assumed that the sludge is totally dewatered before solidification in the

resin. Encapsulation in vinyl ester resin would result in a yearly volume
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of packaged waste of 20 m3. The cost for polyﬁer solidification/shallow
land burial is then estimated to be $15,000 per year. The cost for polymer
solidification/above-ground storage is approximately $14,000 per year.
Cement solidification using the modified hydrofracture facility and coupled
with shallow land burial would cost approximately $13,000. If the
cement/waste product were stored above ground in concrete containers with

galvanized steel liners, the yearly cost would be about $16,000.

Option 2-d would be to eliminate the production of LLW process sludge.

There are two possible ways of doing this. One would be to combine the LLW
and ILW wastes and process via the ILW evaporator as discussed in

Appendix B 3.2.7. This approach would only be possible if the water balance
study recommended in Appendix B 3.2.7 showed that a significant reduction in
the total amount of LLW could be achieved by repairing or replacing the LLW
collection system. The other method would be to modify the process flow
sheet for the SPIX system to eliminate the clarifier step that produces the
LLW sludge. However, this would increase the burden on the ion exchange
columns, resulting in at least a fourfold increase in the number of
regeneration cycles for the ion exchangers (based on preliminary
investigation by ORNL). This in turn would result in significant operating
cost increases for regenerant chemicals and for disposal of regenmerant
solutions via the_ILW system. Additional pre-filtration would also be
necessary to protect the beds from plugging with solids. Furthermore, the
exact cause of the occasional reductions in performance of the LLW
processing system (éhilton 1980) should be identified before making any
system changes that may inadvertently add to this problem.

A summary of the costs for the various processing alternatives is presented
in Table B.3-3. Options 2a, 2b and 2c appear to be economically competitive
based on these very preliminary cost figures. Further information is needed
before any conclusions can be reached regarding Option 2d. While refraining
from selecting an option.until completion of a more detailed evaluationm, the
most promising alternative at this point appears to be the mobile vinyl
ester resin system coupled with above-ground storage. Yearly operating

costs for this method, though not the lowest, are still competitive. But
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beyond this, there are a number of very important advantages to this
approach. These are: |

a. The capability the mobile unit also has to solidify wastes from the ILW
system, future VR systems, and future D&D projects without the expense,
hazards and other disadvantages associated with pumping these wastas
from the varied and widespread gemerators to a ceantral point for

encapsulation.

b. The superior product characteristic attained by use of the vinyl ester
resin.

¢. The relative insensitivity of this solidification agent to a wide range

of chemical/physical characteristics and activity levels in the wastes.

As noted earlier, a detailed evaluation of these, and any other possible
alternatives, is required. This evaluation and development of a preliminary
design for the best-evaluated alternative would take approximately six
months and 2,000 manhours of engineering time.

3.2.4 Liquid LLW -~ Contaminated Qil Disposal

3.2.4.1 Discussion

Small amounts of contaminated oil are collected each year and stored in a

18,200 liter tank. Approximately 6,800 liters have been collected to date,
containing less than one HCi/cc of activity.  This method of storage is
acceptable on an interim basis, but should not be considered permanent because of
the potential for a fire which could cause an uncontrolled airborne release of
radioactivity. In keeping with commercial shallow land burial practices, waste
cbntaining more than ome percent oil should not be buried. At present, thenm,

there is no means available for disposal of this oil.

At present, the amount of oil being stored and the associated activity do not

represent a significant safety hazard. However, as more oil is collected, the
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hazard associated with this practice will increase proportiomately. Om this

basis, this item has been classified as a Priority Level II concern.
3.2.4.2 Recommended Actions

1. The present plan is to store the collected oil until it can be mixed with
waste feed to the new hydrofracture facility. This is acceptable because
the resultant concentration of oil will be too low to cause any problems in
setting of the grout/mixture after injection into the underground shale
formation. It also appears that there is sufficient storage capacity
available to store any additional contaminated oil between now and when the

hydrofracture facility is expected to go omn line.

2. An alternate disposal plan should be available in the event that the
bydrofracture facility should encounter problems that would prevent or delay
its operation for any reason. One acceptable alternative would be to burn
the o0il in an incinerator. The possibility should be explored to
transportimg the oil to the site of a centralized incinerator used to burn
PCB contaminated oil from all four UCC-ND sites. Such a centralized
facility has been proposed (Little 1980). Minor, if any, modificationms
would be required to permit combustion of radioactive contaminated oil in
this proposed incinerator, and the safety features built into such an
incinerator for handling highly toxic wastes such as PCB's should be
adequate to ensure safe disposal of ORNL's radioactively contaminated oil,

assuming no significant increase in the activity level of ‘future waste oil.

3.2.5 Liquid LILW=-Discharge/Recycle

3.2.5.1 Discussion

The liquid LLW system is a once-through type operation, i.e., all collected
wastes are processed and/or monitored and then discharged. As indicated by
Table A.1-9, the system collects an average of 2.3 x 105 m3 of water per year,
containing an average of 14.7 curies of total activity. Analysis of this water

(Chilton, 1980) indicates that of this total activity input to the system, only
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0.5 to 1.0 curie remains in the effluent discharged to White Oak Creek. There
are no quantitative guidelines at present to indicate whether or not this amount
of activity release is ALARA or not. If ORNL were a power reactor site under NRC
jurisdiction, a five curie/year limit would be imposed; and since as noted in
Appendix B.3.1.2, the total site discharge has at times exceeded 5 curies, -
individual contributors to the total then would have to be considered in terms of
this site total.

ORNL's LLW system discharges are currently well within limits set by DOE. The
ALARA criterion cited above is an NRC guideline. Some modified version of this
guideline may one day apply to ORNL, but it is not a requirement at present. For

these reasons, this item has been given a Priority Level III rating at this time.

3.2.5.2 Recommended Actioms

1. Conduct a study to identify all reuse applications for LLW system process
water effluent. This study should address such factors as:

o Required water quality versus quality expected in LLW process system
effluent. Impact of using lesser quality water if effluent does not
meet these requirements.

o Radiological impact. Potential for activity buildup in system.
Modifications required to prevent cross-contamination of potable water
systems.

o Required amount of water for reuse applicatioa. Irequency of need.
Flow rate, pressure and duration per occurrence. Need for reservoir
storage to meet usage demand. )

0 System modifications required to be able to make use of recycled water

(new tanks, pumps, heat exchangers, distribution, piping, etc.).

Using the data gathered above, a cost-versus-benefit analysis can then be

performed to determine the validity of each reuse application. As part of
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this analysis, the cost of clean makeup water must be considered.
Currently, filtered water is supplied to ORNL at a cost of approximately
$0.13 per cubic meter. If the 2.3 x 105 cubic meters of water discharged
from the LLW system were able to be reused, its value would then be
approximately $30,500 per year.

There are numerous applications possible for recycled water. To identify
many of these, detailed information is needed about the activities going on
in the various laboratories, pilot plants, etc. There are also several
major reuse applications which can be identified without benefit of such
detailed information, as listed below. In general, the benefits to be
gained from these recycle applications are more in terms of water

conservation than in terms of significant reductions in activity releases.

o Dilution water for transfer of various sludges to the hydrofracture

facility or settling ponds. Annually, tﬁis ranges from 200 to

400 cubic meters. An additional 4,000 cubic meters will be required on
a one-time-only basis for transfer of gunite tank sludge. It should be
noted that the ability of the ILW evaporator to concentrate waste is
limited by the ability to pump the concentrates to Melton Valley.

" Thus, the concentration factor theoretically attainable in the
evaporator is diluted to permit transfer. In addition, some water is
needed to flush the transfer lines clear following transfer and this

effectively creates additional dilution flow.

o Flush water for decontamination projects. The precise amount would be
dependent on the type of facility being decontaminated and the
decontamination method being used. Tables B.3-4 and B.3-5 summarize
recommended water usage requirements for various decontamination
methods for different types of surfaces. It is also recommended that
recycle water not only be used for large D& projects, but also for the
large number of various equipment items now being routinely

decontaminated in Building 3517.

Lo
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o - Steam supply to ILW and LLW evaporatorﬁ and miscellaneous waste
transfer steam jets. Approximately 1.1 x 107 kilogram of steam are
used annually for these purposes. Use of recycle water as boiler feed
would require addition of a small electric boiler (2,300 to
4,600 kilograms per hour) to prevent contamination of the main steam
plant. Once the system is filled, an additional 0.5 to ome liter per
minute would be required on a continual basis to make up for losses due
to blowdown and steam jet eductor operatiom. '

A complete evaluation of possible recycle applications for processed LLW is
estimated to require three months to complete and up to 1,000 engineering
manhours.

If the results of the reuse applications study are favorable, design/

construction of a water storage/distribution system would then proceed. Two

system concepts would be feasible for this. The first would be construction
of a lined reservoir. The cost and construction schedule would be dependent
on the size needed. If all of the process effluent were to be recycled, a
1,350 cubic meter reservoir would adequately serve the laboratory's peak
daily usage rate (750 to 950 cubic meters per day). Based on data given in
Section 3.2.2 of Appendix B a reservoir of this capacity would cost $100,000
and take six to eight monmths to design and conmstruct.

The second alternmative would be to use the existing gunite tanks, provided
they can be adequately decontaminated as part of the current decommissioning
program for these tanks. Two of these six tanks would provide 1,350 cubic
meters of storage capacity. Lining of two tanks would cost approxXimately
$10,000. Depending on what additional piping would be required to transfer
water into these tanks, an additional $10,000 to $20,000 would be expended.
The schedule for installation of the tank linings and transfer piping is

estimated at six to nine months (after the tanks have been decontaminated).

The cost of a system for transferring recycle water from the storage
reservoir or tanks back to the various users will be largely dependent on

what the reuse applications will be and how much of the existing water
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distribution piping system (if any) can be used for this purpose. Installed
cost of buried, small diameter PVC piping is currently about $13 to $16 per

meter, if the area is not congested or contaminated.

Installation of recycle water transfer piping should be coordinated with the
schedule for replacement of the ILW and LLW collection system piping
discussed in Appendicies B 3.2.1 and 3.2.6. Since these lines will be run
between many of the same end points, costs could be shared for tremnch
excavation, which represent 40 to 50 percent of the installed cost given

above for PVC piping.

3.2.6 Ligquid ILW Collection

3.2.6.1 Discussion

The liquid ILW collection subsystem for ORNL is shown schematically in

Figure A.2~4 and A.2-8. The system is composed of a large amount of buried,
small bore drain piping that collects the intermediate level wastes from hot
cells, fume hoods, etc., within the numerous facilities on the reservation. The
wastes drain by gravity to intermediate holdup tanks that are buried at various
locations. From these tanks, where the pH is adjusted by a sodium hydroxide heel
in each tank, the wastes are pumped by means of steam jet eductors or pumps to a
double~walled collection header leading to the ILW evaporator feed tanks.
Numerous problems exist with this arrangement. Upstream of the collection
header, all of the piping is old, single walled pipe buried directly in the

- ground. Much of this piping dates back to the 1940's and early 1950's, and the
great majority is 304 SS with no cathodic protection. In some areas, the piping
is low enough to be in direct contact with' the groundwater much of the time.
Between the source generator buildings and holdup tanks, the piping is exposed
internally to a wide range of acid/caustic conditioms because it is not until the
waste reaches the holdup tanks that sodium hydroxide is added. Several lines
have been found to be leaking and have been abandoned. It is not possible to
precisely determine the condition of the entire system because not all lines are
isolatable and no leak detection provisions were included when the piping was

originally installed. However, considering the age of the piping and the
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conditions to which it has been exposed, it is reasonable to assume that much of

this piping has either failed or has the potential for failing in the near
future.

The intermediate holdup tanks are in much the same state as the piping. These
tanks are all single walled, stainless steel vessels buried in the ground in the
manner shown in Figure A.2-10. The tanks are not accessible for inspection.
Leakage can only be detected by sampling any water collected in the French drain
arrangement beneath the tanks. Several of these tanks have already failed and
been abandoned. The potential for failure of the remaining tanks is considered
high.

The ILW collection subsystem collects liquid wastes of varied radioactive
content. The average waste activity is below 0.1 curie per liter; however, the
activity content can be as'high as 5.3 curies per liter. The uncontrolled,
unmonitored release of liquids having radionuclide concentrations in this range
would not be a practice that is ALARA and might also result in a violation of
established discharge limits at the site boundary.- Because of the aforementioned
design features and deteriorated condition of the ILW collection subsystem, the
potential for such a release in the near future is considersd to be high.
Therefore, this problem is classified as a Priority Level I item. '

3.2.6.2 Recommended Actions
1. The problems with the ILW collection system have been recognized for some

time and a project is now in the feasibility study phase to correct these

deficiencies (Swinney, C.S.). Imitially, the scope of this project was to

consolidate the holdup tanks by replacing 19 tanks of various sizes with six .

larger capacity tanks and to replace the discharge lines for these tanks
with double~contained lines. The new replacement tanks will each be
stainless steel and located in a stainless steel lined underground vault for
secondary containment as shown in Figure A.2-11. The tanks and vaults will
be seismically designed. The piping will be 304L stainless steel centered
within an outer 304L stainless steel pipe serving as secondary containment

as shown in Figure A.2-14. The annular space between the two pipes will be
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blanketed with nitrogen at 150 psig and the nitrogen will be monitored so
that if a leak occurs, it will be indicated by a flow of nitrogen (either

into a leaking inner pipe or out of a leaking outer pipe).

The steps proposed in this conceptual design would resolve the problems
described above. Therefore, this project (with or without the modificatioms
discussed below) should be funded and implemented as soon as possible. The
estimated schedule for this project (without the modifications discussed

below) is 36 months and the estimated cost is $15 million.

Very recently, two major changes have been suggested in the scope of work '
for this project. The first is to include the gravity drain lines from the

source generator buildings to the holdup tanks in the replacement program.

This modification is strongly supported because the holdup tank feed lines,

which are a significant portion of the total system, are subject to the

widest fluctuation in pH conditions (pH is not adjusted until the waste

reaches the ho%dup tanks). Thus, these lines would be expected to

deteriorate more rapidly than any other lines.

The second scope modification entails further comsolidation of the holdup
tanks and inclusion of the tanks in Melton Valley in the project. As now
proposed, all tanks in Bethel Valley would be replaced by two centraliy
located, redundant, 45,500 liter tanks each of which would be in an
underground vault just west of Building 3500. A plot plan showing
preliminary location of these tanks is shown in Figure B.3-3. The design is
identical to that for the other tanks proposed initially. However, because
these two tanks would collect all wastes from Melton Valley, additionmal
features should be incorporated to meet ALARA criteria. The two tanks
should be in separate cubicles and the piping gallery for the inlet lines
should be segregated into separate shielded areas for the piping, valves and

instruments associated with each individual inlet line.

In Melton Valley, the proposed modification would segregate the high flux
isotope reactor (HFIR) facility wastes from those of the TURF and TRU

facilities by replacing existing tanks T1 and T2 with one new, doubly
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contained tank that would only collect HFIR wastes. Tank WC 20, ‘which is

relatively new and considered to be of acceptable design, would then be used

only for TRU-TURF wastes.

The additional consolidation of holdup tanks now being proposed is also
strongly endorsed, since this will reduce the number of locations where
relatively high activity waste will be concentrated underground, thus
reducing the consequences of potential accidents. From an ALARA standpoint,
this approach is also superior since, with less tanks, there will also be
less instrumentation and equipment to maintain and repair in a radioactive
environment. Finally, from a cost standpoint, the savings accrued by using
fewer tanks will offset part of the added cost of replacing all piping
upstream of the tanks. It is estimated that the additional cost of all of
these modifications, including escalation for a ome- to two-year delay in

the start of the project, will be $10 to $15 million above the original
estimate of $15 million.

Because of the magnitude and relative importance of this project, it is
recommended that a formal study be made of several additional alternatives
before design proceeds further om the approach presented above. Because of
the complex nature of the collection system, it is not readily apparent that
one alternative is significantly superior to the others without performing
such a study. Since an alternatives evaluation must eventually be performed
as part of the EIS for this project, conducting such a study at this stage

does not represent additional work from am overall project standpoint.

One of the most important subjects to comsider in this evaluation is the
expected design life of the piping system. The replacement project, as
presently proposed, will not reduce the exposure of the piping internals to
a wide range of chemical and pH conditions. The external surface of the
outer guard pipe will still be in contact with the soil and ground water,
although it will have cathodic protection. If failures were to occur in the
new system, repair would be extremely difficult and costly. Down time of
the system while making repairs would be lengthy because of the lack of any

provisions to simplify such tasks. Consequently, exposures to personnel
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repairing the piping could be high and R&D work in the area served by the
faulty piping could be halted for an unacceptable period of time.
Considering these ramifications, it is important to know with a good degree
of certainty how well the piping will hold up under the conditions to which
it will be exposed. To make this determination, reliable information on
corrosion under these conditions is needed. There are numerous sources of
corrosion data in the literature. It is recommended that a thorough review
of this literature be conducted in order to identify data that correlates
most closely to ORNL's soil and waste conditions. Typical data showing the
relative corrosion resistance of high alloy steels buried in various types
of soils for nine years is given in Table B.3-6. This data shows that,
without cathodic protection, these alloy steels will exhibit substantial
pitting, and even complete puncturing, in less than nine years under certain
soil conditions. Table B.3-7 contains similar data on several stainless
steels exposed to various chemicals and again shows the potential for severe

pitting or failure under certain conditioms.

The usefulness of published data in determining the design life for piping
at ORNL is somewhat diminished by the fact that the chemical nature of the
wastes being handled varies widely and is often unknown. Therefore, it is
recommended that this data be supplemented by field measurements on
representative samples of buried piping from the ILW system. In order to
minimize interference with other laboratory operations wherever possible,
the pipe sections exhumed for examination should be in rums that are no
longer being used. The data gained from these field measurements, together
with data from the literature, should provide a reasomably accurate basis
for conservatively determining the life expectancy of the new piping system.
These results can- then be used to evaluate the adequacy of the present

design and other alternatives from this standpoint.

There are several alternmative collection schemes that should be evaluated.
For each scheme, consideration should be given to the following points:

a) technical feasibility; b) operating safety; c) ease of operation;

d) maintainability and amount of normal maintenance expected;

e) constructability; f) construction schedule; g) impact of comstruction on

—
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laboratory operations; h) exposure during construction, operation,
maintenance and repair; i) aesthetics; j) construction costs; k) operating
and maintenance costs; 1) replﬁcement costs if alternative must ever be
replaced in whole or in part; and m) eventual decontamination/

decommissioning costs. The alternatives that should be included in this
evaluation are:

Use of more corrosion-resistant piping material - Rather than 304L, use
316L, Incoloy 800 series, Incomel 600 series, Alloy 20, or other high
grade material for innmer pipe.

Use plastic lined pipe = Slip line flexible, high-pressure,
chemical-resistant plastic pipe inside cathodic protected, larger
diameter 304L stainless steel guard pipe. Guard pipe to be tied into
stainless steel lined, leak-tight manholes spaced as mrecessary to serve

as pull boxes. Provide isolation valves at manholes for leak testing
sections.

Elimination of all buried intermediate holdup tanks in Bethel Valley =

In the lowest elevation of each source building, retrofit double-walled
sump several hundred liters in capacity. The sump liner should be
replaceable, and each sump. should have redundant sump pumps or eductors
for recycle/sampling and transfer to ILW evaporator feed tanks. The
sumps should"be sealed and vented to the hot off-gas header in
building. If necessary to protect the material selected for the liner
and drain piping, provide a sodium hydroxide heel in each sump for pH
control. The double-walled drain header should be buried as near to
the surface as permitted by shielding requirements in order to keep the
line out of the ground water, to minimize construction schedule/costs,
and to simplify future exhumation if ever required. Id lieu of
double-walled pipe, evaluate using plastic or stainless steel‘drain
lines in concrete chase. The top of the chase should be flush with
grade and removable for inspection or replacement of the drain lines.
Isolation valves would be required for leak testing. Figure B.3-4 is a

conceptual illustration of the sump and pipe chase arrangement.
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Merge LLW/ILW systems into one collection/processing system - As

discussed in greater detail below, there may be significant advantages
to combining the ILW and LLW systems. In summary, the major advantages
would be:

(1) Reduced installation costs for new collection systems, since only

one system would be needed.

(2) Reduced maintenace costs, since only one system would have to be

maintained.

(3) Reduced activity releases by processing all wastes through both
the evaporator and scavenging precipitation - ion exchange (SPIX)

process.

A detailed study of this consolidation must also comsider real or
potential disadvantages, as discussed in more detail below. In

summary, these are:

(1) Potential need for greater evaporative capacity. This is a
complex issue with many facets to it. Without elimination of
inleakage and rainwater to the LLW system, there is no question
that evaporation would not be feasible because of the large amount
of evaporative capacity needed. With these reductioms,
justification for some additional evaporative capacity would be
made in terms of increased VR factor (by going to a forced
circulation evaporator/crystallizer, calciner or other advanced
evaporative process) and the potential need for greater
evaporative capacity to handle anticipated chemical
decontamination solutions from D & D of surplus facilities (either
the chemistry or activity of these D & D wastes may preclude
processing via the SPIX system).

(2) Potential increase in operating costs. This is again somethin

that could be either a pro or con, depending on conditions. A

.
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detaiied cost comparison of evaporation ion exchange, and any
combination of these processes is very dependent on waste
chemistry and quantity - factors that are still not well defined
and which are very dependent on the system fixed selected. The
impacted of the proposed new flow sheet for the SPIX on overall
operating costs adds further unknows which must be resolved before
it can be determined what the overall impact on operating costs
would be. As discussed in Appendix B 3.2.1, the gravity drain
lines for the LLW system are in need of major repair or
replacement to stop groundwater inleakage and the collection
basins need to be covered to eliminate collection and treatment of
precipitation. In many instances, the LLW ;ﬁd ILW collection
drain lines from a source gemerator building run parallel to each
other for hundreds of meters before branching off to the LLW
equalization basin or the ILW evaporator. Combining these lines
could save 25 to 50 percent of the costs for replacing these lines
individually. Moreover, operation and/or maintenance costs for
waste collection could be cut substantially by this consolidation.

Whether or not these two collection systems could be combined in whole or in
part depends on the results of a detailed reevaluation of the design
criteria and philosophy originally used as a basis for segregating LLW and
ILW wastes. As originally conceived, LLW was collected and sent to basins
from which it was pumped to either a modified water-softening process for
removal of radionuclides or directly to White Oak Creek. The sludges from
the water treatment plant were disposed of in open ponds or pits. In 1975,
a new LLW waste processing system called a scavenging precipitation ion
exchange process was placed in service. The three major outputs from this
process are purified water, resin regenerané solutions and clarifier sludge.
Presently, the regenerant solutions are sent to the ILW system evaporator
and the sludges are sent to open ponds. As discussed in Appendix B.3.2.3,
open pit disposal of the process plant slﬁdges is not in conformance with
DOE policy and should be discontinued once the existing disposal ponds are
filled. Regardless of what modifications are made to the LLW processing

stream to alleviate this problem, the end product will most likely be
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disposed of by some type of encapsulation process. Thus, the new flow sheet
for LLW will look very much like that for the ILW system. Figure B.3-5
graphically compares the flow sheets for separate LLW and ILW systems with
that of a combined system. The question then becomes whether or nmot it is
economical to continue to process ILW and LLW wastes separately. Generally
speaking, evaporation is more economical than ion exchange as the waste
input conductivity increases. In cases where the ion exchanger regenerant
solutions must be processed further (such as by evaporation and
hydrofracturing in the case of ORNL's LLW system regenerant solutions), the
balance is swung further in favor of evaporation. If the front-end
clarifiers are removed from the LLW system, as is now being considered,
evaporation would have an even greater advantage over ion exchange, since
the number of regemeration cycles for the ion exchange vessels would
increase at least fourfold (according to preliminary estimates). To this
must be added the increase in cost of resin replacement due to the shorter
life expectancy, the cost of depleted resin disposal, the cost of a larger
filter system upstream of the ion exchange beds to take the place of the
clarifier/precipitator for particulate removal, and the cost of disposal for
the cartridges or sludges from this additional filtratiom capacity.

Equally important in evaluating the merits of combining the ILW and LLW
systems is the ability to process the combined flow rates of these two
systems by the ILW evaporators. The two existing evaporators, if operated
simultaneously, can process 75 liter/min. ILW inputs now average 9.5 to
11.5 liter/min and 8 x 104 MCi/liter. LLW inputs are normally in the range
of 1.5 to 1.9 x 104 m3/month (340 to 435 liter/min) and 3.7 to 8.5 x

10-2 HCi/liter. Based on these figures, the ILW evaporators would not be
able to handle the additional wastes from the LLW. However, this is
somewhat misleading in that a large percentage of the LLW is unwanted .
inleakage that would be eliminated if the system is upgraded. Inspection of
Table A.1-9 indicates that in 1979, 28 percent of the LLW system inmputs
originated from tank farm area drainage. As these tanks are deconned and
decommissioned, there would no ionger be any need to collect this drainage.
A failed section of drainage piping between MH 112 and MH 114 accounts for

another 13 percent. If repaired, this would further reduce the input rate.

.
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In addition to the main tank farm, there are 16 smaller tank farms scattered
about in Bethel Valley with vault drainage systems conmected to the LLW
system. There is no data on how much groundwater is added to the LLW system
from these tank vaults, and in many cases, it would be difficult to-measure
the quantity from these sources because the drain lines are often headered
into trunk lines picking up other sources before a flow monitoring station.
However, the total distance around the perimeter of these 16 tank vaults is
about 25 to 50 percent of that for the main tank farm; and if it is assumed
that the amount of groundwater collected is directly proportional to the
perimeter length, then it can be assumed that an additional seven

to 14 percent of the total waste inventory originates from these vaults. If
all of these tank vaults were replaced with a centralized, double-walled
tank as proposed by ORNL Engineering, then the waste inputs would be further
reduced by another 14 percent. Elimination of all these extraneous sources
would reduce the maximum input rate from 435 liter/min to 197 liter/min.

Two other sources of unnecessary inputs to the LLW system that should be
considered are groundwater intrusion via leaking pipe sections and
precipitation inleakage via leaking manholes. There is no data on the
quantity of incoming water from these sources. However, the inleakage in
the section of piping between MH 112 and MH 114 represents 13 percent of the
total LLW system inputs, and yet this’éo.3 cm diameter by 75/m long section
of pipe is less than 0.1 percent of the 9800/m of 15.25 cm diameter (or
larger) piping in the LLW collection system (there is also over 3000/m of
piping 10.2 cm in diameter or less). Therefore, it is conceivable that
unidentified inleakage from the remaining piping and some 250 manholes could
represent much more than 13 percent of the total system input. Whether or
not this will be enough to bring the total inputs below the 75 liter/min
processing limit for the ILW evaporators (i.e., once the leaks in the piping
and manholes are eliminated) cannot be determined before a system water
balance is performed, as recommended in Appendix B.3.2.1.

Once the data from this water balance is known, two other factors must be
considered in evaluating the merits of combining the ILW and LLW collection

systems. The first of these is the possibility of diverting all LLW inputs

s
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directly to White Oak Creek after eliminating the two major sources of
activity as discussed in Appendix B.3.2.1. If this course of action were to
be selected, then combining of the ILW and LLW collection systems would not
be necessary. The second factor to consider is the impact of future D&D
projects and future volume reduction systems on the liquid waste processing
system capabilities. More detailed study of the D&D projects, as
recommended in Appendix B.3.5.2, may show that: a) the excess capacity of
the existing ILW evaporators will be needed to handle decon waste solutioms;
or b) that the existing evaporators are either too small to handle these
wastes or not designed to handle them safely (i.e., without material
failure, plugging, foaming, etc.). In either case, the handling of the D&D
wastes would affect the outcome of any evaluation of processing both ILW and
LLW wastes through the ILW evaporator. The type of VR equipment installed
in the future could also affect. the subject evaluation. For example, if a
fluidized bed calciner were installed that could handle both wet and dry
wastes, additional evaporation capacity might be justified in order to
volume reduce the low-level liquid wastes enough to enable the calciner to
handle them (the commercially available wet waste calciners have a process

capacity of only 7.5 liter/min).

As indicated by the above discussion, a proper evaluation of the feasibility
of merging the ILW and LLW systems is very complex and is dependent on, or
significantly affected by, the outcome of several other studies or data
gathering projects. Once the results of these other projects are known, the
alternatives evaluation recommended here could be completed in about six
months. The engineering time required to complete this evaluation,
including exhumation and inspection of sample pipe segments, is estimated to
be 2,000 manhours. Cost of exhuming sample piping segments is approximately
$30/m, assuming no piping bypasses are required around the piping that is

removed for inspection.

3.2.7 Liquid ILW Sludge Disposal

3.2.7.1 Discussion

Highly radioactive concentrates (normally 0.25 to 0.5 curies per liter) are

produced as a result of evaporation of ILW. Since 1965, these evaporator bottoms
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have been routinely disposed of by hydrofracturing a waste/cement grout mixture
into semi-impermeable Conasauga shale formations at a depth of 200 to 300 meters
below the surface of Melton Valley. Although over 6.8 million liters of waste
grout ‘containing 550,000 curies of radiomuclides have been safely disposed of in
this manner without incident, there remain several technical and regulatory
issues not fully resolved. A final safety analysis report will soon be issued
for the hydrofractgre facility that should put these concerns to rest so that
hydrofracturing can continue to be used for disposal of all future ILW at ORNL.
However, should any of these concerns not be resolved satisfactorily and
hydrofracturing is discontinued, operation of the laboratory would be severely
disrupted until an alternate means of disposal or storage of these wastes is
available. '

1. Technical Issues

The technical feasibility and inherent safety of hydrofracturing ﬂﬁs been
shown in several previous evaluations of the process and have been
demonstrated in actual operating experience. However, as discussed in the
Final Eavironmental Impact Statement (FEIS), there are several possible
accident conditions which could result in exposures to the general public
and/or contamination of the environment. These include:

»

a. Rupture of Wellhead

Every precaution has been taken to prevent such an occurrence.

However, in the event that a wellhead were to ruéture, this would
result in a grout bleed-back volume of as much as 95,000 liters. A
150,000 liter concrete pit is provided as an emergency collection basin
for such an occurrence and should prevent contamination of the
environment. However, operation of the hydrofracture facility
following such an accident would be hampered by the high radiation
levels around the wellhead cubicle and this basin. Clean-up would be

an expensive, high exposure, time consuming operation.
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Vertical Fractures/Waste Migration

The likelihood of a vertical fracture occurring has been thoroughly
studied and determined to be quite low. In some §f the early work with
different waste/grout formulations, multiple grout sheets were formed,
possibly as a result of dehydration of the grout mix as it extended out
into the fracture, thus inducing formation of new fractures starting
back at the well bore. As a result of extensive testing, grout mixes
and operating procedures have been developed that will minimize the
possibility of such occurences. In addition, the fact that the
secondary fractures were horizontal strongly supports the conclusion
that hydrofracturing at the ORNL site will continue to occur in a

horizontal mode.

Concern over the possible migration of the grout along existing'
vertical joints or faults to new bedding planes above or below the host
shale formation, and dilatation of the bedding plane beyond the grout
zone with resultant migration of fluids along these d;latations to
pre-existing vertical faults, has been raised by the EPA and others
(Liverman, 1977). Although field data indicates that there are no
known vertical faults in the area of the hydrofracture facility to
allow such vertical migration, their existence camnot be ruled out.

Nor can it be stated with complete certainty that hydrofracturing
itself will not create complex, composite stress that will in turn

create vertical fractures and resultant upward migrationm of waste.

Acknowledging these possible mechanisms for migration of the grout
mixture (or excess liquid in the case of improper proportioning of
waste to cement), a thorough investigation of the consequences has been
conducted. For the case in which the grout reaches the groundwater
table and then forms a horizontal grout sheet, calculations have shown
that the inherent ion exchange capacity and impermeability of the shale
would combine to emsure that the activity concentrations of Sr-90 and
Cs-137 would be near background before these isotopes could migrate to

the surface. However, actual experience with leaching of radionuclides

~
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from existing burial grounds in Melton Valley do not bear this out,
possibly because of the existence of many small faults that allow the
groundwater to move more rapidly through the shale. These fault lines
can even cause movement of groundwater in directions opposite to normal
drainage pathways, as is evidenced by the fact that radionuclides from .
SWSA-3, which by inspection of the topography should drain into White :
Oak Creek, have been detected in Racoon Creek.

The worst possible result of a vertical fracture would be eruption of
the grout sheet into the bed of a creek leading to the Clinch River.
Calculations indicate that for this improbable event, there could be a

temporary increase in the Sr-90 concentration in the Clinch River to
twice MPC.

All existing data indicates that any of the above events are highly
improbable. Furthermore, analysis.of these events has shown that the
hazards to the general populace from their occurrence is relatively
small. Nevertheless, the resultant long term contamination of the
environment, costs of cleanup efforts, and impact on public acceptance ;
of such practices would undoubtedly be enough to cause an immediate
and, most likely, permanent halt to further hydrofracturing operaiions.
Again, other activities at the laboratory would be severely restricted
if this ban in turn required limitations omn ILW production until an
alternate disposal method became operatiomal.

Regulatory Issues

There are several regulatory issues, related to both existing and future
regulations, that may have an adverse effect on operation of the
hydrofracture facility. These include the following:

a. TRU Limitations

DOE Manual, Chapter 0511 requires that waste containing more than

10 uCi/kg of transuranic (TRU) waste be stored in an easily retrievable
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form for at least 20 years. As shown in Table B.3-8, to date at least
four grout inections have not met this criteria by hydrofracturing well
over 10 pCi/kg of total TRU waste. For the four categories of future
waste to be hydrofractured, Table B.3-8 shows that this limit would

also be exceeded.

In order to satisfy the 10 pCi/kg limit, Table B.3-8 shows that
substantial dilution of the four future waste categories would be
required. For example, the gunite tank sludge volume would have to be
diluted until the volume as a grout mixture is 108 times the volume of
grout mixture with no TRU limit. This would not only increase the cost
of hydrofracturing to the point that it would no longer be economically
attractive, but might also result in the storage capacity of the shale
formations at the new hydrofracture facility being exceeded.

EPA Drinking Water Standards

In its review of the FEIS for the hydrofracture facility (Liverman,
1977), the EPA has stated that "if radioactive wastes are disposed of
by utilizing the shale fracturing process, .... a state permit will be
required pursuant to Sections 1421, 1422, 1423 and 1450 of the Public
Health Service Act, as amended by the Safe Drinking Water Act."™ DOE's
response to this has been that this Act is not applicable to ORNL's
hydrofracturing operation because of the physical separation from
public drinking wéter supplies afforded by the restrictions on access
to the ORNL reservation. Should the EPA's interpretation of this Act
prevail, the fact that EPA has rated ORNL's hydrofracturing proposal as
"ER" (Environmental Reservations) and classified the draft EIS as
"Category 2" (Insufficient Information) would indicate the potential
for lengthy delays in obtaining the necessary permits for proceeding

with hydrofracture injections.
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NRC Regulations

At present, the NRC has no regulatory jurisdiction over DOE radwaste
management operations. However, in its review of the feasibility of
assuming such authority (USNRC 1979), the NRC has specifically stated
that it presently lacks the expertise to judge the techmical adequacy
and safety of ORNL's hydrofracture operations and that a significant
portion of the cost of assuming this authority would be spent in
gaining such expeétise. Implicit in this statement is the conclusion
that lengthy delays could be expected in obtaining an operating license
for the hydrofracture facilit§ if it were to come under the
jurisdiction of the NRC.

Interface with National Policy on HLW Disposal

In 1976, DOE, through the Office of Nuclear Waste Isolation (ONWI),
established the National Waste Terminal Storage Program (NWIS) to
provide technology and facilities for the terminal isolation of high
level commercial wastes by disposal in stable geologic repositories
deep uaderground. Imn conjunction with this, the NRC has been charged
with the responsibility for developing performance criteria for
solidified high~level radioactive waste and the EPA has been chartered
to develop generic environmental protection criteria for radioactive
waste management. Through these and other efforts, a uniform national
policy has slowly begun to take form for the ultimate disposition of
both commercial and defense related HLW.

As discussed more fully in Appendix B.3.2.8, current definitiomns of HLW
and LLW make it difficult to determine where ORNL's unique ILW category
fits into this overall plan. Indeed, whether it should fit into this
plan or continue to be considered as a unique, "one time only"
situation is itself unclear. However, there does seem to be
considerable sentiment towards establishment of a national policy that
would recognize the benefits of considering the hazards of radioactive

wastes on a multi-tiered basis as suggested by ORNL's handling of
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intermediate level waste. For instance, in its final report to the NRC
on solidification of HLW (Roy, 1979), the National Academy of Sciences
stated "that defemse wastes which are relatively low in radioactivity
and thermal power density can best be solidified by low-temperature
processes, such as those used to produce cement-matrix,” as opposed to
the use of more sophisticated techniques such as encapsulation in
glass. The Academy also found "that many solid forms are likely to be
satisfactory for use in an appropriately designed system." The
benefits of such a multi-tiered approach on a national level have also
been alluded to in comments on the ILW FEIS by the US Department of the
Interior, the Exxon Nuclear Company, Inc., the Ohio EPA and the NRC.
Reference is also made by Argonne National Laboratory (ANL 1978) to the
possible use of hydrofracturing for disposal of intermediate levels of
waste generated in the decommissioning of Nuclear Fuel Service's West
Valley Site. And finally, in its recent policy statement on disposal
of nuclear waste (USDOE 1980), DOE has considered hydrofracturing as a
feasible (though not prime) technique for disposal of certain
categories of HLW.

Should DOE commit to a program to demonstrate the usefulness of ORNL's
hydrofracturing technique at other sites, further R. & D. work would
have to be undertaken to resolve concerns raised by other agencies
(such as the EPA) as well as by DOE itself (USDOE 1980). As suggested
by the US Dept. of the Interior (Liverman, 1977) this might entail
addition of batteries of monitoring wells, rock stress measurements,
etc., to develop a more gemeral, less empirical model of
bydrofracturing that would allow evaluation of this technique for other
sites. Setting up such an R. & D. effort would be time consuming and
may be cause for short term delays im startup of the hydrofracture
facility. This again would have a negative effect on production of ILW

and consequently on operation of the Laboratory.

The technical and regulatory issues discussed above are not ones that
would pose any near-term threat to public health and safety or the

environment. This area has therefore been classified as a Priority
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Level III item. However, should any of the regulatory issues discussed
above not be resolved in favor of ORNL, the resultant effects on
operation of thé Laboratory would cause upgrading of this item to
Priority Level Iﬁ

3.2.7.2 Recommended Actions

1.

Addendum III.F to Section 3.5 of the FEIS indicates that the concentration
of uranium and TRU waste in specific injections may approach 100 pCi/kg, but
that the overall average, taking into account the relatively small fraction
of the disposal zone represented by the grout sheets, would be well below
the 10 pCi/kg limit. Operation of the hydrofracture facility should proceed
on the basis of taking credit for this dilution.

Plans should be developed and carried through the conceptual design stage
for an alternate above ground solidification and storage process for ILW.
Design, coastruction scheéules and costs for this alternative should be such
that the system could become operational in a short period of time (six to
12 months) in the event that hydrofracturing is delayed or permanently
halted. The feasibility of developing a system that could handle the needs
of both the ILW system and the by-product of future SRW volume reduction
processes (incineration ash, etc.) should also be considered.

Two schemes have been identified that would satisfy the criteria listed
above. Scheme 2a would involve maximum utilization of the cement
solidification facilities now being comstructed for the new hydrofracture
facility. The existing system would be modified by adding a three-way valve
downstream of the waste/cement mixing tub to divert the grout mixture to a
portable container. To accommodate this small batch operation, a
recirculation line would be needed to direct concentrate back to the storage
tank while a small amount of clean flush water is pumped through the waste
feed pump discharge line into the portable container at the end of each
filling operation. To verify the end product characteristics,
instrumentation would also be needed to measure the proportions of liquid
waste and cement in the mixture. These changes to the process flow sheet
are shown schematically in Figure B.3-6.
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The portable liner would be located in a lead or concrete shield mounted on
a truck pulled up to a fill connection point immediately adjacent to the
mifer cubicle. This approach would minimize the construction schedule for
the modification by requiring only the addition of a concrete mat and metal

sided building for containment and weather protection.

In order to satisfy the schedule and cost restraints for imnstallation of the
alternate solidification method, initially it would not be feasible to
consider installation of a thin film evaporator, calciner or other drying
device to reduce the volume of waste feed to the grout mixing process as
proposed in the FEIS. This would result in some loss of packaging
efficiency. ORNL's ILW is a complex mix of five or more alkaline salts, but
the primary constituent is NaN03. The concentration of NaNO3 ranges from 1Y
to 34 (8 to 24 wt. percent). Experimental work at Hanford (Allen 1977)
indicates that a product of good strength and abrasion resistance can be
achieved.up to sodium nitrate concentration of 44 percent'by weight in the
final product. At this concentration, the volume of solidified waste would
be lower than the corresponding volume for a 1M feed solutiomn of NaN03 by a
factor of 16.7. Thus, by preconcentrating the waste, the required
engineered storage capacity and related storage costs would be reduced
significantly. If the wastes were to be shipped off site, preconcentration
would likewise reduce shipping costs and repository fees. Against éhis must
be weighed the added cost of the volume reduction (VR) equipment and its
operation, the added difficulties of handling a very concentrated slurry

(75 percent by weight NaNO3 prior to sblidification), added shielding
requirements and personnel exposures, added delay in system availability,

and added concern over heat generation in the solidified product.

It is estimated that without additional VR capability, the initial capital
costs-involved in modifying the hydrofracture facility to permit
solidification in portable containers would be less than $250,000 and would
take six to 12 months to complete. If VR capability was included, the
modifications would cost over $5 million and take two to three years to

complete.
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For Scheme 2a, the solidified product would be packaged in a transportable
container. Many size, shape and design variations are possible, but for
conceptual design purposes, a rectangular, stainless steel container of
approximately 2 cubic meter is assumed. Containers such as this are
commercially available on a 90-day delivery schedule at a cost of about
$1,500 per container. These containers are stackable to five high, have
built-in lifting lugs, and meet DOT shipping standards. Initially,
rectangular containers would be beneficial because of the iﬁcrease in
storage efficiency over circular containers, offsetting somewhat the loss in

packaging efficiency by not installing VR capability.

To satisfy the tight construction schedule requirements, the waste liners
could be stored in precast concrete monoliths rather than in shielded
storage buildings. This is similar to what has been done in other
countries. Typical above-ground concrete storage containers for high
activity waste at Saclay are shown in Figures B.3-7 and B.3-8. Normally,
offsite shop fabrication of these monoliths would be the most cost-effective
approach to take, but to remain within legal weight limitations for shipping
of these cells to the site, a weight limit of 27,500 Kg would be imposed on
each cell. Assuming a 0.61 m thick shield wall requirement and a cell that
would house four liners that each measured 1.07 m by 1.22 m by 1.83 m high,
a double~sleeved wall design would be required to maintain these within
shipping weight limits. A typical arrangement for such a storage vault is
shown in Figure B.3-9. The cost per vault is estimated to be $10,000 and
the fabrication/delivery schedule would be less than 30 days.

If above-ground solidification of ILW is to replace hydrofracturing on a
long-term or permanent basis, a comparison should be made of the technmical
and economic benefits of continued use of these concrete modules versus an
.engineered storage structure with remote handling equipment, etc., as
described in the FEIS for the hydrofracture facility.

A second above-ground solidification alternative, denoted here as Scheme 2b,
would be to use a commercially available, mobile waste solidification system

in place of the hydrofracture waste/cement mixing equipment. Such systems
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are available for use with cement, urea formaldehyde and vinyl ester resin
(Dow proprietary chemical). It is recommended that a system using the vinyl
ester resin be employed because of the superior strength, chemical stability
and long-term leach resistance of the product. These properties have been
demonstrated in an exhaustive testing program (Dow 1978) and independently
confirmed in research by the Central Electric Genmerating Board (CEGB) of
England (Smitton 1981).

A typical arrangement for a mobile vinyl ester system is shown in

Figure B.3-10. The solidification equipment and disposable waste linmer
would be mounted on a tractor trailer adjacent to the hydrofracture waste
feed pump cubicle in a manmer similar to the setup for the portable liner in
Scheme 2a. Interface with the hydrofracture system would be minimal,
requiring only the addition of a three-way valve down stream of the waste

feed pump and a transfer line from this point to the truck bay.

For Scheme 2b, the liners would again be 2 cubic meter rectangular stainless
steel containers. Handling and storage of the liners would be the same as

described previously for Scheme 2a. '-)

One significant advantage to the portable solidification concept is that,
when in use, it could be located adjacent to either the existing ILW
evaporator building or future volume reduction facilities to eliminate the
need to transport concentrated waste long distances through underground pipe
lines. This would be an advantage from the standpoint of safety, operating
and maintenance costs, and initial capital equipment costs. By eliminating
long transfers, the meed to dilute the ILW evaporator bottoms would also be
eliminated, resulting in an effective VR factor of three for the waste feed
to the solidification system. This added VR factor would offset the higher
material cost for the Dow polymer, which is currently about $2.42/Kg

(52.38 per liter). If VR equipment were employed, use of the Dow polymer
would realize further operating cost benefits since the sodium nitrate could
be incorporated into this polymer as a dry salt at a waste to binder volume
ratio of 2.5 to 1.
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A mobile solidification system of the type described above can be
fabricated, tested and delivered in six to 12 months at an estimated cost of
$750,000. Modification of the existing hydrofracture facility or ILW
evaporator facility to interface with this unit is estimated to take onme to
three months and cost §5,000 to $10,000.

A summary of the preliminary cost e§timate for each of these alternatives is
given in Table B.3-9. It is recommended that an in-depth evaluation of the
alternatives described above be initiated and that a conceptual design be
completed only for the best-evaluated altermative. Beyond this, no work should
be initiated unless it appears likely that startup of the new hydrofracture
facility will be delayed indefinitely and/or that new VR systems will be
installed. The alternative evaluation and conceptual design work are estimated
to require six months and 5,000 manhours to complete.

3.2.8 Liquid HLW Classification

3.2.8.1 Discussion

All radioactive wastes generated at DOE regulated installations are characterized
by the DOE Manual as being either high level waste (HLW) or "other liquid waste."
Requirements for collection, processing, storage and disposal are determined by
which of these two categories a particular waste stream falls under. As defined
in Chapter 0511 of the DOE Manual, liquid HLW is "the aqueous waste resulting
from the operation of the first-cycle extraction system, or equivalent
concentrated wastes from subsequent extraction cycles, or equivalent wastes from
a process not using solvent extraction, in a facility for processing irradiated
reactor fuels." "Other liquid waste” is defined as "liquid waste not within the
definition of high-level liquid waste'" and is commonly referred to as low-level
waste (LLW).

DOE's definition of HLW is qualitative and rather loosely worded. In order to
apply the rules governing management of HLW, each DOE site has had to develop
more specific, quantitative criteria for what is HLW and what is not. Because of

the vagueness of DOE's definition, each site's interpretation has been somewhat
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different from the others, resulting in, at times, some conflict in the way

similar types of waste have been managed.

The principal area of confusion and concern resulting from this is the handling
of waste not defined as HLW. DOE regulations state that these wastes can be -
converted to either HLW, which must then "be contained and emplaced so as to be
retrievable for removal and transfer elsewhere", or they can be converted to
solid form and "stored in conventional burial grounds approved by the DOE." The
major flaw in this is that, without a quantitative definition of HLW, it is
possible for non-HLW containing greater concentratioms of hazardous isotopes than
some HLW to be "stored" in a manner providing far less protection than would be
afforded if it were classified as HLW.

At ORNL, very little of the waste that is generated falls under the above
definition of HLW, but much of it contains certain isotopes (primarily Sr-90 and
Cs-137) in sufficient concentrations to merit concern over use of conventional
shallow land burial techniques for disposal. Recognizing this problem, but not
wanting to consider this waste as HLW, with the attendant costs of special
containment and retrieval capabilities, ORNL has elected to establish its own ;)
ﬁnique intermediate level waste (ILW) category for handling these higher activity
wastes. Although this waste category has been accepted by DOE for ORNL's unique
circumstances, problems again arise over interpretation and use of the temm
because it also is defined in a qualitative and somewhat arbitrary fashion.

There is no mention given to this term in the Chapters of the DOE Manual
governing radiocactive waste management. In a 1973 AEC planning document (Pittman
1973), ILW is defined as "liquid wastes in a processing or interim status; they
must eventually be solidified, or treated to yield high- and low-level
liquid-waste fractions." Interestingly enough, even the environmental impact
statement for management of ORNL's ILW does not attempt to define this term

rigorously.

The net result of this lack of specific criteria for defining waste types is
summed up best by the comparison of DOE HLW, commercial HLW, and ORNL ILW
presented in Table B.3-10. Two significant points are illustrated by this table.
First of all, the two isotopes that the NRC has selected as being the benchmark
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by which to measure quantities of HLW are Cs-137 and Sr-90, rather than longer
lived isotopes such as Pu~-239. This is significant because most of the activity
in' ORNL's waste is also Cs-137 and Sr-90. Secondly, this table shows that the
activity level in ILW generated by ORNL is comparable to the average activity
level in liquid HLW generated at other DOE sites. Considering these
similarities, the marked difference between the management of these wastes at
ORNL and other DOE sites tends to weaken the credibility of a uniform national
waste management policy.

The lack of a precise definition for HLW is a management concern that could
effect project schedules and costs in the long run, but is unlikely to have a
serious effect on safety or the environment. Therefore this item is given a
Priority Level III classificatiom. )

3.2.8.2 Recommended Actions

It is recommended that a study be conducted to develop a precise, quantitative
definition of HLW based on concentration guides for safe storage or disposal,
similar to the hazard index used by the U. S. Department of Transportation to
determine the packaging requirements for different levels of waste during
shipment. It is recommended that a definition be developed that would allow for
multiple levels of protection, based on the relative danger the waste poses to
man and his enviromment. Such a waste classification system is currently being
developed by the NRC for disposal of commercially generated wastes and it is
possible that this scheme could be applied to DOE wastes in whole Sr in part
(Rodgers 1979, 1978). The study should include a detailed pathways analysis that
would provide the technical justification for selection of a particular level of
protection for a particular level of waste on a generic basis, applicable to any
present or future DOE site. Where appropriate, the study should identify the
need for any additional R. & D. work or analysis to completely define or justify

the waste classification system.

The schedule and cost for such a study is dependent to a large degree on how

closely the effort follows similar work being funded by the NRC for commercial
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waste classification. An entirely independent effort paralleling that of the
NRC's is estimated to require ome year to complete and a commitment of 10,000

engineering manhours.

3.3 GASEOUS RADIOACTIVE WASTE (GRW) MANAGEMENT

3.3.1 GRW-Collection/Discharge

3.3.1.1 Discussion

The present off-gas and cell ventilation system at the base of Stack 3039 is in a
general state of disrepair. Much of the ductwork is no longer leak tight and
allows unmonitored release of gaseous activity from sections under positive
pressure. Much of the equipment in the system was installed 20 to 35 years ago.
Consequently, much of the equipment i5 outmoded and inefficient, system
reliability is low, and standby capacity is minimal or non-existant. Because the
system was installed over 20 years ago, there is a general lack of ALARA
philosophy incorporated into the general design and arrangement of the system.
The system is particularly deficient with respect to accessability for operation
and maintenance under both normal and post-accident conditioms.

As shown in Figures A.2-19 and A.2-20, a complex system of underground piping and
ductwork is provided to collect off-gases from the various laboratory facilities
and to transfer them to Stack 3039 for monitoring and discharge or to onme of four
other stacks serving certain sections of the laboratory complex. The condition
of the collection network is unknown, but it is likely that portioms of it are no
longer leak tight since much of the piping in this collection system is 304 SS
buried directly in the ground with no cathodic protection. As shown in

Table B.3-6 and B.3-7, 304 SS can deteriorate rapidly when exposed extermally to
certain types of soils, or when exposed internally to certain gaseous or liquid
compounds. This lack of pressure integrity could result in enough air inleakage
to cause a substantial reduction in the amount of air drawn out of the source
generation buildings, resulting in potentially hazardous airborne conditiomns in
these buildings. Additionally, parts of the system are constructed of concrete

chases with joints and removable roof slabs which allow inleakage of air and
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water. This also reduces negative pressure in the system, exposes componeats to
excessive amounts of moisture ladened air, and is a potential source of inleakage
of water to the liquid waste collection subsystems via drain lines from these
ducts. '

Considering the state of disrepair of this system, the potential for future
unmonitored and untreated releases to the environment is high. Therefore, this

item has been give a Priority Level I ranking.
3.3.1.2 Recommend Actionms

1. A large capital improvements project is currently underway to replace or
improve the entire system at the base of Stack 3039, including all ductwork,
some fans, all fan motors, the caustic off gas scrubber and the standby
steam powered exhaust system. This corrective action is strongly endorsed.
In additiom, it is recommended that a formal ALARA review of the new design
be conducted to ensure that the new system will provide maximum personnel
protection under normal operating, maintenance and upset conditions. Such a
review is estimated to require one to three months and 1000 man-hours of
engineering time to complete.

2. A thorough imspection of the four other off-gas stacks and the remaining
underground system of off-gas piping and ductwork should be carried out.
Based on the results of this inspection, a safety and performance evaluation
should then be conducted to determine the need for and extent of additional
replacement and upgrading programs for these systems. As part of this
evaluation, it is recommended that, as in the case of the ILW collection
system (See Appendix B.3.2.6), the need for upgrading the material of
construction for the ductwork/piping be studied thoroughly and that this
evaluation be based on both a review of available corrosion data literature
and examination of sample sections of ductwork/piping removed from the
system. This evaluation should also consider the merits and need for
locating all replacement ductwork and off-gas piping in an underground chase
accessible for inspection and repair as shown in Figure B.3-4. In

conjunction with this, and as discussed in Appendix B.3.5.1, serious




3.4

B.3-68

consideration should be given to coordinating any required
removal/replacement effort for this underground collection system with the
replacement programs being contemplated for the ILW collection system.

It is estimated that this inspection program and evaluation would take three
to six months to complete and require up to 2,000 man~hours of engineering
time.

DISCHARGE MONITORING/CONTROL

3.4.1 Front-End Radiation Monitoring Equipment

3.4.1.1 Discussion

1.

General

The ORNL waste operation radiation monitoring system comsists of radiation
detectors and sampling features located at selected locatioms for the
purpose of collecting data on releases of radioactive material to the
environment. The electronic equipment which processes the signals from the

detectors is located in the waste operation control.center (WOCC).

The ORNL waste operation radiation monitoring system is old and requires
upgrading. The electronic equipment located in the WOCC will be replaced by
a modern data acquisition system. The front-end of the system, which
consists of detectors and sampling features, is also old and perceived as

not adequate for the purpose of monitoring releases.

Radiation monitoring philosophies have evolved over the years from an early
concept of qualitative measurement of departure from normal operatioms, with
equipment sensitivities equivalent to maximum permissible concentrations
(MPC), to present criteria requiring monitoring capabilities for normal,
anticipated transient and accident conditions; equipment sensitivities
allowing measurement of approach to MPC; and sampling features to supplement

continuous monitoring equipment.
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The ORNL radiation monitoring philosophy has not kept pace with the
evolution of.new criteria, as evidenced by the fact that the electronic
equipment which processes the signal from the detector comsists of linear
ratemeters with manually switchable ranges. This type of equipment does not
have any dynamic range to follow transient releases; operator action is ;
expected to keep the monitor within range in case of excessive release.
This is of particular concern since, in case of an emergency, the operator ;
is expected to perform functions at locations not in the vicinity of the :
equipment. : ;

No document'exists which would identify the basis for the selection of the
present type of monitors, their range or response time., Considering the
processes and experiments existing at ORNL, it is perceived that the preseat
monitoring system does not have sufficient range, response time and sampling
features to adequately monitor releases associated with normal, anticipated
transient or accident conditionms. .
Specific equipment limitations have also-been noted. For the purpose of

description, the radiation monitoring system is segregated into two

subsystems; namely the liquid and gaseous monitoring systems. The concerns
associated with each of these two subsystems will be addressed separately.

Liquid Monitoring Subsystem ‘ ¢

Liquid monitoring subsystems are installed in many of the manholes and
effluent discharge paths to White Oak Creek, its tributaries and the Melton
Branch.

The monitors are of two different types to measure alpha and
beta/gamma-in-water, and are backed up by sampling features providing

composite samples of the effluents for analysis purposes.
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Alpha-in-Water Monitors

The alpha monitor detector consists of a photomultiplier tube looking
at a zinc sulfide layer deposited on light pipe. The zinc sulfide
layer is protected by a thick mylar film and the liquid to be monitored
is passed in front and in contact with the mylar. (This type of
monitor is further described in Chiles 1973).

Alphas-in-water are very difficult to detect because of the energy
absorption of the water and the mylar film. Since only the alphas
located in the very thin layer of water directly in contact with the
mylar film are available for measurement, the impact of contamination
of the mylar film is very important in determining the maximum
sensitivity. Appraisal of the operationmal capabilities of the
alpha-in-water monitor shows that the typical semsitivity of
alpha=-in-water is 8.75 x 10-4 pCi/cc, except for TRU waste discharge,

where contamination reduces the semsitivty to 6.4 x 10-3

HCi/cc. These
sensitivities must be compared to the MPC values of 3 x 10-8 pCi/cec for
unidentified mixture discharged in uncontrolled area, or 3 x

1077 uCi/cc if Ra=226 and Ra-228 can be excluded.

Beta/Gamma-in-Water Monitors

The beta-gamma monitors consist of GM tube detectors immersed in
process water flowing through a sample cup. The GM tubes are protected
against contamination by a lusteroid centrifuge tube. The process
water flows continuously into the bottom of the sample cup, upward
around the protected GM tube and overflows the sample cup in an
inverted polyethylene bottle and returnms éo the process through'a drain

pipe at the bottom of the assembly.

The whole assembly is lead shielded to reduce the ambient background.
(Further description can be found in ORNL 1964).
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For this kind of monitoring, contamination appears to be a major
problem. (ORNL 1964, indicates that a background of 20 cpm can be
expected.) Appraisal of the monitors in the field shows that the
background can be as high as 750 cpm, reducing the sensitivity by a
factor of approximately 40.

When the actual field background is taken into comsideration, a
sensitivity of approximately 5.4 x 10.3 HCi/cc (Cs-137) is achievable.
This value must be compared to the MPC value of 3 x 10"8 pCi/cc for
unidentified mixture discharged in uncontrolled environment, or 3 x
10-7 uCi/cc if Ra-226 and Ra-228 can be excluded.

The difference between the sensitivites of the alpha-in-water and
beta/gamma-in-water monitors and the MPC values creates a concern that
radioactive liquid releases with concentration in excess of MPC could
occur without detection.

This concern is not unique to ORNL because the state-of-the-art in
monitoring equiment is such that liquid monitors do not have, in

general, sufficient semnsitivities to detect MPC values by approximately
‘a factor of 10.

To compensate for this lack of semsitivity, sampling and laboratory
analysis is normally used with a frequency based on the degree of
variance of the concentration from an established norm or established

by operating experience, but not to exceed one week.

The wide differences, a factor 104, between the ORNL alpha and
beta-gamma monitors sensitivites and MPC value suggest that sampling
should be relied upon heavily and that the present frequency of

analysis of once a month should be backed up by appropriate analysis to
support its adequacy. )
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Gaseous Monitoring Subsystem

The gaseous monitoring subsystem consists of monitors measuring the

concentration of radioactive alpha particulates, beta-gamma particulates,

iodine and noble gases discharged through the stacks as indicated in
Table A.2-4.

a.

Alpha Particulate Momitors

Airborne alpha particulates are monitored by using a vacuum pump to
withdraw a refresentative sample of air of approximately three SCFM
from the stack. The air is filtered by 2 step advanced Watman filter
paper controlled from the WOCC. The filter paper is continuously
monitored by a zinc sulfide detector. The sensitivity of a gross
alpha-in-air monitor is limited by the presence of natural radon-thoron
products which can be in a concentration level much higher than the MPC
value of potential alpha contaminants. Appraisal of the capabilities
of the alpha particulate monitor in operation shows that a sensitivity

of approximately 2.9 x ZI.O"11

HCi/cc can be achieved after eight hours
sampling. This sensitivity value must be compared to the calculated
maximum concentration in Stack 3039 of 4 x 10"12 HCi/ce, which
represents the concentration that would result in an MPC for
unidentified mixture released in an uncontrolled area after taking the

stack dilution factor into consideration.

The sampling delivery syétem utilizes PVC tubping. This practice is not
recommended, as indicated by ANSI N13.1, "Guide to Sampling Airborne
Radioactive Materials in Nuclear Facilities," since it promotes

plate-out of particulates in the 1.9 cm sample lines.
Beta-Gamma Monitors

Monitoring of beta-gamma particulates is performed in a manner similar
to the alpha monitoring, except that GM tube detectors are used instead

of a zinc sulfide detector.
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Review of the capabilities of the beta-gamma monitor in operation shows
that a sensitivity of approximately 1.5 x 1().9 HCi/cc can be achieved
after eight hours sampling. This appears to be a somewhat poor
performance due to a high background of approximately 1,800 CEM
resulting (presumably) from a difficulty of shielding the detectors.
This sensitivity value must be compared to the MPC value of 4 x

10"12 pCi/cc for unidentified mixture discharged to an uncontrolled '
environment.

Similar to the alpha monitors, the sample &elivery utilizes PVC tubing
of 1.9 cm for a flow of approximately 3.5 CFM, thus enhancing losses in
sample lines.

Iodine Monitors -
Iodine monitoring is performed by measuring with GM-tube detectors the -

iodine collected on loose charcoal granules surrounding the detectors.

The charcoal granules -and detectors form a sampling assembly which is i
connected in series with the alpha monitor in the sampling line. 3

State-of~-the-art technology on iodine sampling makes this scheme
obsolete for the following reasons:

(1). Iodine can.be found in elemental or methyl form resulting in
drastically different behavior. Elemental iodine attaches itself
to dust particulates in air, allowing it to be collected on

~ filters. Methyl iodine remains in a gaseous form and can be

collected on charcoal, but with a low collection efficiency.

Since the iodine 'sampling is connected in series with the alpha
monitor in the sampling line, the elemental iodine is collected on
the filter of the alpha monitor and the methyl iodine is collected

in the iodine samples. Since a large amount of the iodine is

expected to be in elemental form, iodine monitoring in the stack

is not representative of the releases.
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(2) During accidental releases, it is usual that many isotopes are
released simultaneously. Tﬁe present collection scheme for iodine
monitoring utilizes activated charcoal which can retain an
appreciable amount of noble gases. The differences in permissible
level between iodine and noble gases is such that noble gases may
be present in concentrations several orders of magnitude higher
than iodine. The utilization of Geiger-Mueller (GM) tube
detectors for this measurement does not allow discrimination of
the iodine against the noble gases and it is expected that in the
case of a large noble gas release, the iodine monitor would

respond erroneously.

(3) Bulk activated charcoal is used instead of charcoal cartridges.
This makes it difficult to handle when a large amount of iodine
has been collected and presents some problems for measurement in
the laboratory for further amalysis. This approach also limits
the possibilities of shielding of the detectors.

Noble Gases Monitors

Noble gases are monitored by a GM tube located in a lead shielded
enclosure located at the base of the stacks. Calibration of the
monitor is made by checking the detector on a bench rather than in its
installed position in the shielded enclosure, thus not taking into

consideration the specific detection geometry and active sample volume.

Sampling Features

Sampling features are provided to back up the alpha, beta-gamma, and
iodine monitors. These features comsist of in-stack samplers equipped
with a particulate filter and iodine charcoal cartridge. The
accessibility to these features is difficult since personnel must climb
up the stack ladder to collect the samples. This would seem to be
impractical in case of an emergency where protective clothing and

respiratory protection are likely to be required. Further, while the

.
L
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sample flow rate through these sampling features is optimum for
low-level release measurement in an emergency situation, this would
represent a personnel hazard and could lead to an appreciable source
term which may not be measurable by existing semsitive laboratory
equipment.

Sampling of noble gases is not provided. Should a puff release occur,
emergency procedures would be impaired since there would be no way to
identify the isotopic content of the release.

A Priority Level I should be assigned to upgrading of the front end of the

radiation monitoring system to assure compliance with curreat industry monitoring

practices and regulations. This is also given a high priority because of the

desireability of upgrading the front end at the same time that the WOCC is being
upgraded (see Appendix B.3.4.2).

3.4.1.2 Recommended Actions

1.

General Recommendations

The system requirements, such as sensitivity range and response time, should
be assessed based on the specific operation conditions at ORNL.

This could be developed by reviewing the operating history of the waste
contributors to identify their normal operating conditions and analyzing the
safety evaluation reports for the major experiments to as;ess the potential
releases.as a result of operatiomal transients, such as blackout or relief

valve operation, and also following postulated accidents.

The conclusions of this review and analyses should be expressed in terms of
monitoring requirements from which equipment specifications would be
identified. A review effort such as this is expected to require 12 months

and 2,000 engineering manhours to complete.

T e




B.3-76

The cost and schedule of equipment replacement cannot be addressed with any

level of accuracy at this time. However, for the purpose of estimating the

future budget and effort required, the following should be taken into

consideration:

The present monitoring system consists of approximately 34 liquid
radiation monitors and 15 airborme radiation monitors. Replacement of
this quantity of monitors (detectors, shielding, microprocessors, and

sampling equipment) is estimated at $750,000.

The future improvements will result in an increase in airborne monitors
and sampling features (gaseous and liquid). It is estimated that the

expenditure for this new equipment could be as much as $500,000.

The delivery schedule for this type of equipment is expected to range
from 12 to 18 months.

Installation and testing of the equipment in a manner that will
minimize the impact on operation of the laboratory will take 6 to
9 months to complete.

Detailed Recommendations

Alpha-in-Water Monitors

The sensitivity of the alpha-in-water monitors could be improved by
decreasing the potential for contamination. This can be achieved by
modifying the monitor in such a way that the sample water is not in
contact with the mvlar film of the detecto;. This could be
accomplished by changing the design of the edges of the inlet sample
cup in order to obtain an overflow on the side of the cup, resulting in
a constant water level in front of the mylar film, but not in contact
with the mylar film. This approach allows the use of thinner mylar

film, thus reducing absorption and improving the sensitivity.

N
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Another method of increasing semsitivity of the alpha-in-water monitor
would be to improve the light pipe of the zinc sulfide detector or to
utilize multiple photomultipliers to better match the 15.25 cm diameter
of the Lucite light pipe and the 5 cm diameter of the PM tube presently
used. (Chiles 1974 indicates that 7 cm off the center of the detector,
the response is approximately five times less than at the center of the
detector.) The determination method used to derive this attenuation
factor does not take into account the absorption of the alpha-in-water
which is expected to further degrade the response of the detector
because of reduced pulse height.

An R&D program addressing the potential modifications to the
alpha-in-water monitor should be developed by ORNL, since no
alpha-in-water monitor is available commercially.

Beta/Gamma-in-Water Monitors

This sensitivity of the beta-gamma monitors also requires improvement.
This can be achieved by reducing the contamination of the monitors as
well as increasing the volume of the sample seen by detectors.
Reducing the contamination would be done by a change in the basic
design of the monitor, since the process water flows upward around the
detector, overflows the sample cup and falls down in the polyethylene
bottle. The amount of surface in contact with the process water is
rather large resulting in an increase in potential for contamination.
Using a single sample cup with a process inlet at the bottom and

process outlet at the top would reduce the contamination drastically.

Commercial nuclear industry practice to reduce contamination is to
automatically or semiautomatfbally back flush samplers immediately
after a release. This has been found to be most effective in reducing
the buildup of contamination. Also, welded parts are exclusively made

of stainless steel as a method for reducing contamination.
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GM tubes are utilized in ORNL's beta/gamma-in-water monitors. This
practice has been discontinued in the commercial sector which now
utilizes scintillator detectors which allow better dynamic range and

sensitivity.

To redesign the present monitors to provide performances equivalent to
some commercially available units would involve considerable effort and
expense. Therefore, for reasons of schedule flexibility and cost,
commercial equipment should be specified, taking system requirements

into consideration.
Liquid Sampling

Manual sampling of effluent releases is provided as a compliment to the

continuous monitoring system; however, it must be relied upon more when

the continuous monitoring is not adequate or fails. Considering the

difficulties in obtaining adequate sensitivity with continuous

alpha-in-water monitoring devices, the frequency of taking grab samples - ’ -
for manual alpha measurements should be increased until a better s

continuous monitoring device is installed.
Alpha-in~Air Monitors

The sensitivity of alpha-in-air monitors is limited primarily by the
amount of radon~thoron in air. Several techniques have been developed
in the past, such as: a) pulse height analaysis; b) alpha~-beta ratio

or alpha-beta coincidence; and ¢) delayed alpha measurement.

The sensitivity of these techniques could be improved. Replacement of
the existing monitors usipng more accurate, commercially available
monitors should be considered. Alternatively, ORNL's current R&D
program to develop an alpha-in-air monitor using the alpha-beta ratio
technique should be made a high priority task. Consideration should be
given to the use of fixed-filter monitors instea& of the present

step-advance system. Fixed-filter systems typically utilize a 5 cm
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diameter filter which is periodically removed from the sampler.
Contrary to the step-advance filter system, which imposes mechanical
stress requirements on the filter, the fixed-filter system allows the
utilization of a membrane or millipore filter, thereby reducing
absorption of alpha in the filter medium. The fact that the
fixed-filter is periodically removed provides the basis for laboratory
analysis and cross checking of monitor response. The monitor should be
located at the base of the stack for easy access. Consideration should
also be given to rate-of-rise alarm which, with the utilization of

modern digital electronics, has become a reliable feature.
Beta/Gamma-in-Air Momitors

The sensitivity of the beta-gamma monitor is limited primarily by the
relatively high backgfound count rate, which is a problem affecting

most monitors using a step-advance or continuous-feed filter mechanism,

primarily because of the difficulties of shielding against ambient
gamma radiation.

Most of the beta/gamma~in-air monitors of the commercial type are of
the fixed-filter type. Typically, a 5 cm diameter filter is used in
this type of monitor, resulting in a sampler geometry which allows good
4rt shielding.

The present monitors would require a‘tremendous amount of redesign to
provide performances equivalent to commercial units. Therefore, for
schedule flexibility and cost, commercial equipment should be

specified, taking into consideration the system requirements.

Similar to the alpha-in-air monitor, consideration should be given to
locating the monitor at the base of the stack and to providing

rate-of-rise alarm.
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Iodine~in-Air Monitors

Commercially available iodine momitors are désigned in a manner very
similar to the fixed-filter beta/gamma monitor, except that a
combination fixed-filter and charcoal cartridge is used. Utilization
of Nal crystal detectors allows pulse height analysis of the iodine
0.364 MeV peak, resulting in a good discrimination against background
and therefore improving sensitivity. Pulse height analysis also
provides a large degree of discriminiation against noble gas in the
event of a large release. The sampling configuration also allows the

utilization of silver zeolite cartridges.

All components required for the construction of the sampling features
are commercially available; therefore, it is recommended that sampling

equipment be specified using the system requirements as a basis.

Consideration should be given to locating the monitor at the base of
the stack and to alarm on rate of rise.

Gaseous Sampling

Sampling features should be provided with good accessibility to allow
retrieval of the samples in a post-accident situation. These sampling
features should be located at the base of the stack and each of the
contributing ducts should be sampled to provide for a representative

sample.

Iodine sampling should utilize silver zeolite as sampling medium to
reduce the amount of noble gases trapped in the cartridge. Noble gas
sampling should also be provided utilizing sample bomb and solenoid
valves actuated on a high radiation signal from the existing noble gas

monitor.

s
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3.4.2 Interface with Data Acquisition System

3.4.2.1 Discussion

The electronic equipment which processes the signals from the radiation detectors
associated with the front-end of the radiation monitoring system is being
replaced by a modern digital data acquisition system (DAS). The cﬁénges expected
in the front-end of the monitoring system will be, in part, limited by the
capability of expansion of the DAS{ also data is presently being shared between
the WOCC, the laboratory emergency response center, and the emergency response
center, for which the utilization of digital DAS's are being contemplated or
designed. Communication between those digital DAS's must be coordinated since
they share some of the same imputs.

The expansion capabilities of the WOCC's DAS could limit-the upgrade of the
front-end of the radiation monitoring system. The following are some of the
major areas of expected changes in the front-end of the system which would impact
the digital system:

1. Detection Semsitivity

Efforts to improve the detection sensitivity of radiation momitors usually
result in the need to process the detector signals at a low count rate.
This requires that the detector pulses be accumulated for a period of time
long enough to obtain adequate counting statistics.

The front-end of the DAS will consist of data concentrators with
microprocessors for interface with the detectors. This interface must be
carefully specified to allow for improved detection sensitivity and adequate

interrogation by the data concentrator.
2. Measuring Range

Upgrade of the detectors will undoubtedly result in the requirement for a

wider dynamic measuring range. A typical Nal detector can provide a
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measuring range covering up to five decades. To provide for appropriate
statistics at the low-end of the range and adequate response time at the
high-end of the range requires a sliding time base controlled by the rate of
the pulses from the detectors. This sliding time base will probably be part
of the microprocessor interface; however, it may also affect communication

and interrogation by the data comcentrator.

3. Controls

Local control devices, such as flushing solenoid valves, check sources and
sampling pump controls must be controlled either automatically or manually
from the control room. Requirements such as voltage and power must be
addressed.

Since a program is currently underway to expand the DAS, this item should be
given a Priority Level I ranking.

3.4.2.2 Recommended Actions

Ideally, before any improvements are decided upon in this case, the study of the
upgiade of the front-end discussed in Appendix B.3.4.1 should be completed.
However, an alternate approach could consist of characterizing, in a general way,
the expected changes in the front-end and including these in the specification
for the DAS. This latter approach could be made comsistent with the preparation
schedule of the specification for the DAS.

3.4.2.3 TFollow-on Activities

While this report was being written, ORNL elected to proceed with the altermate
approach described above under "Recommended Actioms." The following is a summary

of the major changes to the DAS specification that resulted from this review:

1. The modification to the front-end of the radiation monitoring system will
have minimai effect on the data acquisition system, provided that each
monitor has a microprocessor interface location between the detector and the

data concentrators.

Y]
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2. Ample spare room has been made available either in the data concentrator or
a separate cabinet provided for the additionmal microprocessor cards expected
as per #1 above. '

3. A redundant data highway loop system has been specified for the DAS to
satisfy the needs for: a) the transmission of data; b) future system
expansion; and c) back-up monitoring function located remotely from the WOCC *
in the event of an accident.

«3.4.3 Release Report Gemeration

3.4.3.1 Discussion

Liquid and gaseous releases to the environment occur via many different paths.
Monitoring requirementé result in the need to sample every release point on a
regular interval and to analyze the sample for isotopic content. Release
reporting requirements are becoming more stringent in that the level of detail
and frequency of analysis have increased. Nuclear Regulatory Guide (RG) 1.21
defines the format and the details of the radioactive release reporting
requirements applicable to the commercial nuclear industry. It is perceived that
the reporting requirements presently imposed on the laboratory will evolve
towards a RG 1.21 format, resulting in an appreciable increase in manpower
requirements.

Consideration of improvements in this area is perceived to be a Priority
Level III item.

3.4.3.2 Recommended Actions

To minimize manpower needs and improve efficiency, the commercial anuclear
industry has taken advantage of the capability of computers to generate and
update release reports. This is a feature inherent to computer-based radiation
monitoring systems. This solution could be readily adapted to the Laboratory
since the radiation monitoring system is being changed to a computer-based system
and because the grab sample radiation measuring equipment used to compliment the

data generated by online monitors is also a digital system.

g gy T - - -~ U
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Computer system hardware and software are available commercially to implement
this improvement. To identify the hardware needed, the present equipment
capabilities would have to be reviewed. This review would require approximately
nine months and 1000 engineering manhours to complete. Estimates of the type,
quantity and cost of necessary computer hardware could not be made until

completion of this review.

3.4.4 Miscellaneous Off-Gas Release Points

3.4.4.1 Discussion

The major portion of all gaseous radioactive waste is collected by the main
off-gas and cell ventilation system for sampling, monitoring and discharge via
one of the five large off-gas stacks. Although the gases discharged through this
system account for most of the airborme activity released from the site, there
are numerous (though much less significant) contributions from isolated release
points on the site. In most of these cases, the gases are not routed to the main
off-gas system because of physical separation and the impracticality of
centralized collection. Provisions are usually available for sampling, and in

some cases, for filtering these localized releases.

Several of these miscellaneous gaseous release points are reported in the monthly
Radioactive Waste Disposal Operations and Effluent Monitoring Report, but others
are not. This in itself is not in violation of regulatioms, since Chapter 0513
of the DOE Manual states that "individual effluent points representing less than
one percent of the total site discharges of the same general type may be omitted"
from effluent reports. However, the Manual goes on to state that "the sum of the
quantities not reported should not exceed five percent of the total site
discharges of the same general type." The concern here is that there appears to
be no documented evidence to verify that this five percent limit is not exceeded.
Insufficient data were available to determine whether this is simply a reporting

deficiency or whether there is a lack of proper monitoring of these release
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points. Although there was insufficient time and information available to

identify all such release points, at least the following ones were noted:

1. Twelve of the 19 ILW collection tanks in Bethel Valley
2. Three of the four ILW collection tanks in Melton Valley
3. Eight storage tanks in new hydrofracture facility

4.  Solid waste compaction facility

In addition to these equipment release points, there are numerous open waste
basins and sludge settling ponds that have the potential for airborne releases,
either by evaporation or interaction between air currents and dry surfaces along
the basin perimeters. Discussions with ORNL personnel, indicate that there may
be many unmonitored release points on site. Many of these handle little or no
radioactivity and those that do are vented to the plant stack system.

At this time, it does not appear that this situation is of serious concern.

o
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Since the total reported site releases are well below allowable limits, the

unreported releases would not represent a significant health hazard even if they

were to approach the reported releases in total magnitude. On this basis, a
Priority Level III has been assigned to this item.

3.4.4.2 Recommended Actions

1.

In order to establish a data base upon which to justify exclusion of local
release points from monthly effluent release reports, a program should be
established to periodically monitor and record the releases from all these
points. As a first step in this program, a comprehensive site survey must
be conducted to identify all local release points. A procedure should also
be written to ensure that once this listing has been developed, it will be
automatically updated when changes are made to facilities and/or operation
of the laboratory. The frequency with which each release point is to be
monitored should be clearly defined and a positive means employed to ensure
that this schedule is complied with. For a specific release point, the

monitoring frequency will vary, based on the significance of the activity

~t
)



B.3-86

measured during the initial survey and an understanding of how the system
associated with this release point operates under normal or upset

conditions.

Establishment of data banks for activity releases from open ponds and basins
must be handled differently than those for process equipment. Monitoring of
these releases would be difficult to do. Therefore, for these situatioms,
the releases should be analytically determined, using mathematical models of
the release mechanisms. In order to perform these calculations, samples
must first be taken to determine the isotopic content of each such basin or
pond. Assuming that the activity in each pond remains somewhat constant, it
would not be necessary to perform this release calculation more than once

for each pond or basin.

The initial results of the monitoring program and analytical computatioms
should be kept on file for reference in monthly release reports. If is
recommended that this data be made a part of the Safety Amalysis Report for
the Hot Off-Gas and Cell Ventilation System.

It is estimated that the initial site survey, collection of samples, and
analysis work would take three months and 2,000 man hours to complete.
Manpower requirements for periodic follow-on monitoring would be dependent

on the results of this initial work but are expected to be minimal.

If the results of the initial survey indicate that a significant portiom of
the site releases are not being continuously monitored, it may be desirable
to add continuous monitors for the more important release points. Whether
or not continuous monitors with telemetered readout in the WOCC are needed
would be dependent on the circumstances surrounding each source and cannot
be speculated on at this time. The estimated cost of state-of-the-art
airborne activity monitors such as those described in Appendix B.3.4.1 is
$25,000 per monitor, including installation and remote readout at the WOCC.

Estimated procurement and installation schedule is 18 to 27 months.
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3.5 GENERAL WASTE MANAGEMENT

3.5.1 Facilities Consolidation

3.5.1.1 Discussion

When ORNL was created in 1943, facilities for collection, processing and disposal
of radioactive waste were planned and comstructed in a relatively short period of
time in order to support the war effort effectively. At that time, there was
little consideration of the future R & D work the laboratory would eventually
become involved in. As the laboratory expanded, the original radwaste systems
also expanded to handle the increased demands this additional R & D work placed
on them. However, because the radwaste systems were not originally planned with
such expansion in mind, the systems, as they exist today, are not as efficient in
design and layout as might otherwise be possible. The systems extend over a
large area, requiring transportation of solid, liquid and gaseous wastes long
distances under conditions that are at times more difficult and hazardous than
necessary. For instance, both liquid LLW and ILW are collected in Bethel Valley
in a dilute aqueous form that is relatively easy to pump and safe to handle
because of the low specific activity. Rather than pumping the waste in this form
to Melton Valley for concentration and ultimate dispos;l, it is first
concentrated in Bethel Valley and then pumped a half mile to the disposal area.
By concentrating the waste before transport, both the difficulty and safety
associated with this task are increased. Furthermore, transferring solutions
with high solids concentrations long distances either requires some dilution of
the waste concentrates produced by the LLW and ILW processing systems, or limits
the degree to which these waste can be concentrated. In either case, this
results in lower net volume reduction prior to disposal and equivalent increases

in disposal costs and land usage.

The large system of tanks and piping that mqkes up the ILW collection system is
another example of unnecessary complexity and inefficiency. Although the
evolutionary process for the ILW collection system is not entirely clear, there
are many cases where buried collection lines from adjacent buildings travel many

hundreds of meters side-by-side to intermediate collection tanks that are also
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adjacent to each other. From there, transfer lines from each tank again travel
side-by-side, eventually ending in the same central collection tamk. In each
case, no differences occur in the way the wastes are treated, and no special
control or sampling is required, thus negating any obvious reason there might be
for the added cost this duplication creates in terms of initial-capital
investments, operating and maintenance costs, personnel exposures, increased risk

of environmental contamination, and future D& costs.

Undoubtedly, the evolution of these jnefficient operations has been heavily
influenced by the functional requirements and regulatory conditions in existence
at the time the systems were installed or modified. Regardless of the reasoming,
continuation of a planning practice that only considers immediate, short-term
‘needs in modifying or expanding the radwaste systems will result in a

continuation of the type of situations described above.

The concerns presented here are related to long term planning and systems
operation rather ‘than to immediate -safety or environmental concern. Therefore,

this problem area is classified as Priority Level III.
3.5.1.2 Recommended Actions

The planning of all future radwaste system modifications and additions should be
directed towards a common goal of comsolidation and simplification of these
systems wherever and whenever possible. This should be a stated objective of
ORNL'S formal radwaste improvements program plan for the next 20 years, as
discussed in section 1.2. In support of this policy, a report should be
generated outlining the areas in which such consolidation is feasible. As a
criteria document, this report would serve as a tool to ensure continuation of
this policy of comsolidation as system modifications and additions are designed
and brought into being over the next 20 years. This document should also be
viewed as a flexible one, since policy towards consolidation may need to change
as regulatory and operational conditions change over the course of time.
Therefore a mechanism should be established for periodically updating this

document so that it will be of continued use as a design criteria document.
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For the areas in which consolidation is recommended, the report should identify
the impact consolidation would have on the cost and schedule of individual
improvement projects and the benefits to be gained from consolidation in each
case. Where the report indicates that comsolidation is justified, the reasons
for requiring consolidation must be clearly stated for future reference.

As a minimum, the following areas of consolidation should be pursued in this
study:

o Eliminate all intermediate holdup tanks between the source generator
buildings and evaporator feed tanks in the ILW collection system. This is
discussed in greater detail in Appendix B.3.2.6.

o Eliminate LLW and ILW collection and processing systems in favor of a
combined System for handling both types of waste without segregation. This
is discussed in more detail in Appendix B.3.2.6.

o Consolidate the present waste evaporation process and any future volume
reduction capabilities in a complex adjacent to the new hydrofracture
facility. This consolidation would serve a number of useful purposes

discussed in greater depth elsewhere in this report and summarized briefly
below:

a. Location of future VR systems next to the bhydrofracture facility is
justified on the basis of the resultant simplification and cost savings
for interfacing with the hydrofracture facility.

b. Relocation of the evaporator facilities adjacent to the hydrofracture
facility can be justified for several reasons. First of all, this
would eliminate the problems associated with transferring evaporator
concentrates long distances. Secondly, if liquid wastes are to be
handled by future VR systems, preconcentration by evaporation may be
necessary, depending on the type of VR system selected. Added

evaporation capacity may also be needed to handle the type and quantity
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of decontamination solutions expected from future D& projects and to
handle increased system loads if the LLW and ILW systems are combined,

as suggested in Item 2 above.

o Consolidate plans to replace or upgrade the collection systems for gaseous
radwaste and liquid LLW and ILW. As discussed in other sectionms, all three
of these systems are in various stages of disrepair. Replacement of the ILW
collection system has already beefi determined to be necessary, and there
appears to be ample justification for replacement of the other‘two systems.
Since all three systems service the same basic areas of the laboratorﬁ, it
appears that there would be considerable cost bemefit (in terms of
excavation costs, schedule reductions, etc.) to a well coordinated effort to
replace all three systems simultaneously, possibly employing a concept of
using one central concrete vault system for containment of all three of the

new systems.

The schedule for completion of this report would be dependent on completion
of several data gathering and inspection programs that would have an impact
on consolidation planning. These are covered in Appendix B.3.1.1, B.3.2.1,
B.3.2.2, B.3.2.5, B.3.2.6, B.3.2.7, B.3.3.1 and B.3.5.2. Once all input is
available from these other tasks, it is estimated that the initial
consolidation planning report could be completed in three to six months.
Approximately 2000 manhours would be required for this task.

3.5.2 Interface With Future D& Projects

3.5.2.1 Discussion

As part of DOE's plan for decommissioning contaminated surplus facilities
(Carroll 1979), seven major D& projects have been identified at ORNL. The major
facilities involved in each of these projects are listed in Table A.1-14,
together with estimated quantities of waste generated as a result of these
projects. As this table illustrates, decontamination and decommissioning of
these facilities will be a major undertaking that will have a significant impact

on radioactive waste management operations. The solid waste produced by these
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projects will create major packaging, handling and disposal difficulties because
of the quantities (and in some cases the activities) involved. For some of this
work, entombment is specified as the decommissioning method. Should entombment
not be acceptable for technical or regulatory reasons, the additional quantities
of SRW that this would create would magnify these problems significantly.

Current predictions of the quantities of HLW and TRU contaminated waste generated
by these projects suggest that the present storage system can adequately handle
this additional waste. However, if these predictions are found to be too low,
the lack of volume reduction capability for portioms of these wastes could result
in further handling and storage difficulties.

Each D&l project can be expected to'generate varying amounts of highly
radioactive sludge. Depending on the level to which each facility must be
decontaminated before disposal or entombment, large amounts of decontémination
waste solutions méy also be generated. Depending on where the surplus facility
is located, transfer of these wastes to the ILW system could be a difficult
materials handling task, with the potential for significant man-rem and dollar
expenditures. The ability of the ILW processing equipment to handle these wastes
is also of concern. The compatibility of the sludges with the hydrofracture
facility is.unknown, and the presence of chelating agents in these wastes may*
place limitations on how these liquids may be disposed of. The chemical
composition of some of these decontamination solutions could also cause foaming,
scaling and corrosion in the ILW evaporators. Furthermore, if significant
quantities of decontamination liquids are generated, the capacity of the ILW

evaporators to process them in a satisfactory time. frame may be exceeded.

To some degree, all of the proposed D& projects will involve such activities as
equipment dismantlement, exhumation of buried components, removal of structures,
and the decontamination of various surfaces prior to entombment. In addition to
the impact these activities will have on the solid/liquid/gaseous waste handling
systems, they will also have an impact on the enviromment. Excavation and
demolition work may create airborne contamination hazards; and groundwater
contamination may result from decontamination activities or contact between the

contaminated facilities being dismantled and rainfall or surface runoff.
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As discussed above, planned D&D projects at ORNL need to be closely looked at

from the standpoint of worker safety, impact on the environment, radwaste system

processing capabilities, and waste management economics. For these reasoms, this

problem area has been assigned a Priority Level I.

3.5.2.2 Recommended Actions

1.

Published data on the quantities, activity levels, and chemical/ physical
characteristics of the wastes generated by these D& projects are
preliminary estimates. In order to develop realistic plans for handling
these wastes, more detailed information should be gathered. It is
recommended that a comprehensive data acquisition program be set up for this
purpose. This would involve extensive field work to gather sample data,
conduct radiological surveys, measure quantities of sludge,
catalog/categorize components and structures, etc. This program would also
involve an exhaustive search for and review of all design documentation

pertaining to each facility in all of the proposed D&D projects.

In acquiring this data, it should not be presupposed that a facility will be
entombed in place. Based on the geological/hydrological conditioms existing
at ORNL, this may not be a satisfactory disposition for many of the
facilities.

For each facility, enmough data should be gathered to determine the extent
and type of decontamination required to reduce contamination levels below
the %imits for unrestricted reuse, as set forth in ANSI N13.12 (ANSI 1978).
Sample measurements of the effectivenmess of various decontamination methods

may be necessary to make this determination.

The data acquisition program outlined here is expected to require
considerable time, manpower and expense. The level of effort will vary,
depending on the complexity of each D&D project. For conservatism, it is
estimated that at least one month and 800 manhours will be required to
gather the necessary data for each project. The entire data acquisition
program for the seven D&D projects in question is estimated to take nine

months and 6000 manhours to complete.

o

—
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It is recognized that under the project organization for these D&D projects,
it is unlikely that the waste management operations group will be given
unilateral responsibility for making many of the planning decisions that
will directly or indirectly affect the quantity or characteristics of the
wastes that this group must be prepared to handle. Decisions on such items
as what decontamination technique to use and whether or not entombment is
acceptable will quite probably be compromises between the interests of waste
management and other departments, divisions, and outside agencies (Health
Physics, Eavironmental, EPA, DOE, etc.). However, the project should be
organized to insure that the waste management group will play a major role
invmaking these decisions, either directly, as a member of the committee(s)
authorized to develop these plans, or indirectly, through a formal review
and approval cycle.

Carrying out the many D& projects at ORNL will involve considerable
manpower, occupational exposure, and expense. It is estimated that the
seven projects listed in Table A.1-14 will cost $40,000,000 and require

330 man-years of engineering and labor. Before committing such sizeable
amounts of capital and labor to these projects, serious efforts should be
made to insure that all possible reuse applications have been thoroughly
considered for these facilities. As noted in UCC-ND Engineering Procedure
EP-C-26, "the availability of suitable sites for expansion and new
construction is becoming limited due to growth of ORNL and planning for
utilization of these sites must be done to assure optimum usage of available
land." Because entombment of a facility results in the effective loss of
land areas associated with that facility for other uses for a very long
period of timé, it is particularly important in these cases that there is
complete agreement that no further use can be made of this facility and that
the cost to demolish and remove the facility would outweigh the need to make
this land area‘useable for other purposes.

It is recommended that an inter-division task force be set up to study this
matter. Members of the committee should be thoroughly familiar with all
current and future (both definitive and speculative) needs of their

respective divisions. As a prerequisite to conducting this evaluation,

43 e &N S
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complete information about each surplus facility would be necessary.

Therefore, before forming this task force, the data acquisition program

recommended in Item 1 should be sufficiently complete to allow a firm

decision to be reached on reuse application for each facility.

There are numerous potential reuse applications of these facilities for

waste management activities. . The following are among those that should be

thoroughly evaluated by the task force:

Use one or more of the gunite storage tanks in place of the open and
unlined Equilization Basin (3524) for collection of LLW. (See

- Appendix B.3.2.2.)

As a backup or replacement for hydrofracturing, modify the grout mixing
equipment to permit above-ground waste encapsulation and storage in

portable/disposable liners (See Appendix B.3.2.7.)

Use one or more of tﬁe gunite sthrage tanks for retrievable storage of
drummed TRU waste. After these tanks are decontaminated, a remotely J')
operated crane could be installed as shown in Figure B.3-11 to stack

drummed waste within the tank. Each tank modified in this manner could

store approximately 14,000 M3 of waste in 250 liter drums stacked four

rows high.

Use one or more of the decontaminated gunite tanks for storage of
processed waste water that is designated for recycle applications (See
Appendix B.3.2.5.) )

Use one or more of the facilities now on the surplus facilities D&D

list to house future VR systems.

Use one of the facilities now on the surplus facilities D& list to
house a centralized incimeration facility for all UCC-ND hazardous

combustible waste (See Appendix B.3.1.1.)
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Completion of this reuse applications study is estimated to require three
months and 2500 engineering manhours. This estimate assumes that the study
recommended in Item 1 above has been completed first.

After all waste quantities and characteristics have been determined as part
of the data acquisition program outlined previously, a thorough evaluation
is needed of the processing, solidification and storage/disposal
requirements for each anticipated waste to determine whether or not the
existing system can handle these wastes. This study would identify the need
for additional or different types of processing capabilities, the need for
additional retrievable waste storage capacity, etc. Where the wastes are
found to be incompatible with the present radwaste processing,
solidification or diéposal techniques, the study should identify the need
for R&D work to correct these incompatibilities. For example, there may be
restrictions on shallow land burial of wastes containing chelating agents
because of the adverse effect these agents have on the capacity the native
'soils have for retaining radionuclides by ion exchange. In this case, R&D
work may be justified to identify substitute decontamination agenté that
perform as well as the chelating agents without this adverse side effect, or
to’ identify ways of tying up these agents in a manner that will mot allow
the chelating agents and soil to interact in this manner.

Based on the outcome of this study, further R&D work and/or modifications to

the radwaste processing system can be planned, as required, in preparation

,for the start of these D& projects. A side bemefit of this evaluation and

any associated R&D work is that the results can be applied directly to the
commercial nuclear power industry, where there is a great need for this type
of information because of the ever increasing amount of decontamination work

associated with both plant maintenance and plant decommissioning.

A prime example of this is the current gunite tank decontamination project
and the possible application of the results of this project to the
decontamination of the containment sump at Three Mile Island. After the
water in the sump has been drained, it is expected that removal of residual

surface contamination and sludge from the bottom and lower walls of this
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sump will be a difficult task. However, little is known at this time
concerning such aspects of this project as what the levels of residual
contamination will be, how effective various decontamination techniques will
be, how much waste will be generated in the process of performing this
decontamination, and how the decontamination wastes will effect the iom
exchange columns evaporator currently available at TMI for processing these
wastes. Many aspects of these two projects are quite similar; and
therefore, data for the gunite tank decontamination project should‘be

invaluable to those engaged in cleanup of TMI.

It is estimated that a complete and thorough evaluation of the interface
between the proposed D& projects and the waste processing/disposal systems,
excluding any follow-on R&D work, will take approximately three months and
require 1500 engineering manhours. Again, this is dependent on the data

acquisition program, outlined previously, having been completed first.

3.5.3 Waste Generator Interface .

3.5.3.1 Discussion .

Efficient, optimized operation of the radioactive waste processing systems
requires detailed knowledge of the chemical and radiological makeup of the waste
inputs. Idéally, this information should be known for the individual waste
contributor so that some control can be exercised over the type and quantity of

waste received.

Liquid wastes are the only form of waste at ORNL that receive any significant
process treatment prior to release or disposal. For these wastes, very little
information is known about the makeup of the individual waste inputs. The
existing collection system design does not readily permit such information to be
gathered, and efforts to compensate for. this by administrative means would be
difficult. Nearly all of the sample data that is available is for diluted waste
just prior to processing, at which point the identity of any particular waste
input is lost. Recent periods of off-standard operation in the LLW processing

system illustrate why this can be a disadvantage. An exhaustive inspection of
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the system after several of these periods of poor performance (Chilton 1980) was
unable to pinpoint the cause for them. Had there been a record of the quantities
and characteristics of individual generator inputs available for this
investigation, it is possible that a correlation could have been uncovered
between a particular source and this problem. Similarly, the cause of occasional
periods of foaming (and resultant poor performance) in the ILW evaporator could
possibly be traced back to a specific generator.

Ever increasing restrictions on releases to the environment will require
improvements in design (additional volume reduction, ete.) and operation of the
radwaste processing systems. This in turn will increase the cost of processing
and disposal of these wastes dramatically, and in order to recover these costs,
it may become necessary to budget for them when funding specific R&D projects.
Under the present conditions, it would be difficult to insure that the correct
R&D projects are being assessed charges for processing these wastes because of
the lack of any monitoring or control capabilities.

The concerns discussed here are not omes that are likely to result in near or
long-term safety hazards or environmental damage. Because improvements in this
area have the potential for increasing system performance and reducing operating
costs, a Priority Level III has been assigned to this area.

3.5.3.2 Recommended Actions

1. As an interim measure, a computer-assisted data collection program should be
established for recording and monitoring inputs to the LLW and ILW systems.
Because both systems lack installed capabilities for automatically measuring
the desired parameters for individual contributors, manual and
administrative methods must be used for gathering this data. As the first
step in this program, all drain lines should be traced back to their origin,
and those individuals using these drains should be interviewed to determine
typical frequencies, quantities, and characteristics of all wastes. This
data and listing of contributors should be kept on file for use as a

benchmark and future reference point.
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After analysis of this data, a listing should be made of those generators
that contribute more than 1 percent of the total volume or activity to the
system, or that put significant quantities of any strong chemicals into the
" system. For each project in this second listing, an administrative
procedure should be established to require that the project submit a
periodic tabulation of all wastes sent to the liquid radwaste systems. ‘This
tabulation could be daily, weekly or monthly, depending on the nature of the
wastes. Additional submissions should be required whenever the generator
produces more waste than normally expected. Each report should be submitted
on a standard form that is in a format that can be readily put into the

computerized data storage/retrieval system.

Once this system has been set up, it should be used regularly to observe

operating trend of the processing.systems, spot potential problem areas,

identify the cause of problems, etc. Significant data obtained from this
program should be included in the monthly effluent monitoring report.

It is estimated that to collect the initial data base for establishing a
benchmark for future reference and to set up the format and program for the
computerized data storage/retrieval system will require. sixz months and 3000
engineering manhours to complete. Manpower requirements for inputing data
to the system would be spread over the spectrum of projects interfacing with
the radwaste systems and should not be a significant additional work load

for most of these individual projects.

As a long-term corrective measure in conjunction with the proposed
replacement projects for the LLW and ILW collection systems, means should be
installed to automatically measure flow rates and obtain manual grab samples
of the waste leaving each source generator building. On a case by case
basis, additional automatic measurements may be desirable for such
parameters as pH, conductivity and- radioactivity. If it is determined that
source generators within a particular building need to be monitored
individually, then the methodology described in Item 1) above would be
employed in these situations.
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The degree to which the collection system is to be upgraded will determine
what type of monitoring can be added. If the LLW and ILW collection systems
are combined, as described in Appendix B.3.2.6, with individual sumps being
provided in each building, then there would be considerable flexibility to

. provide whatever degree of monitoring and control capability that is deemed
necessary.

If these systems are to remain separate and the ILW drains are to be
directed to a centrally located intermediate holdup tank as currently
proposed, then fewer individual buildings can be monitored. Conceptual
plans for this case already call for flow measurement and grab sample
capability for each drain line routed to this central tank. With this
concept, the administrative methods described above in Item 1) would have to

be used if a more refined degree of monitoring and control over system
inputs was desired.

If the LLW and ILW systems are not combined, then the LLW contributors
should be monitored as recommended in Appendix B.3.2.1, using a portable
weir in the manhole nearest to each source generator building.

Whatever degree of additional monitoring is installed, any automatic
readouts should be tied into the WOCC and DAS for efficient collection,
readout and analysis. Cost and schedule information for each of the above
monitoring schemes are presented in Appendix B.3.2.1 and B.3.2.6.

3.5.4 Design Documentation

3.5.4.1 Discussion

There is a lack of complete and up-to-date design documentation (such as piping
and inétrumentation drawings (P&ID's), system descriptions, design criteria, etc)
for portions of the liquid, solid and gaseous radwaste systems. Design documents
and operational records for portions of the systems installed 30 to 40 years ago
are minimal, making it difficult to adequately review these systems from both a

functional and safety standpoint. Such reviews should be done periodically to
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insure that the systems will continue to perform their intended functions safely
and efficiently in a climate of ever-changing operational conditioms and
regulatory requirements. In the years since ORNL was established, many additioms
and modifications to the original systems have been made to satisfy specific,
short-term needs. The documentation of these changes has at times been on a
piecemeal basis, without consideration of interfacing design documentation or of
the need to maintain continuity in the approach to how and what design data is to

be recorded.

Conspiciously absent from the existing documentation are system P&ID's that
encompass all portions of each system. Only a few P&ID's are available, and
these only cover a portion of each system. Of particular concern is the lack of
such a document for the collection subsystems. Within source generator
buildings, there does not appear to be any information readily available about
these collection subsystems, even though the system atlas drawings indicate
fairly complex éollection and processing capability in some of these structures
(such as TURF and the Transuranium Research Laboratory). Similarly, no P&ID is
available for the sophisticated network of piping, ductwork, intermediate holdup
tanks and transfer jets/pumps that make up the underground portion of the
collection subsystems. The atlas drawings give a gemeral idea of what these
underground systems ‘consist of, but these drawings are difficult to read and
understand and are also incomplete. Only someone who already has a thorough
working knowledge of the system could fully understand what is presented on
drawings such as this. Furthermore, these drawings give little or no information
about instrumentation, how the components are controlled, safety classification,
interface with other systems (such as steam for the eductors), component sizes,
and equipment identificatiom (e.g., valve numbers). Information such as this is
essential to have, and documenting it by means of a P&ID is the normal method
used for most process systems. Design control and regulation of the commercial
nuclear power industry would not be possible without this basic design document,
and indeed, if the NRC were ever to assume a regulatory role at ORNL, the lack of
such documents would be unacceptable, since a complete system P&ID is a

fundamental requirement for any safety analysis report submitted to the NRC for

review.
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In addition to basic design information mot being readily available, portions of
the existing information are inaccurate and/or out of date. For example, the
existing atlas drawings were last updated in 1970, and the accuracy of this
revision was conditional, as indicated by the following note appearing on these
drawings.: "This atlas is complete only insofar as available information
permits". Since there is no requirement that documents such as the atlas
drawings and system descriptions be updated when new projects are initiated,
these changes are not always reflected in such documents. As an example, there
is no indication on the current atlas drawings of the fact that a new
double-contained collection header is used to bypass the gunite tanks directly to
the ILW evaporator. Similarly, these drawings do not show new ILW tanks and
transfer lines in Melton Valley.

In addition to the above deficiencies, current storage and retrieval methods for
available design information do not permit ready access to some of this data.
Table B.3-11, taken from UCC-ND Engineering Procedure EP-A-13, illustrates the
fact that filing of much of this informationm is the responsibility of the
individual projects. Once a project is completed, retrieval of this information
that is not centrally filed becomes increasingly difficult and uncertain with
time. In addition, informatiom that is centrally stored is done so

semi-manually, without computer search capability for specific types of
information.

There are no safety concerns associated directly with these weaknesses in
documentation, nor do ﬁhey represent any violation of regulations. However,
since there are many major radwaste system construction projects being planned
for the next five to temn years, it would be appropriate to institute improvements

in the documentation generation, storage and retrieval methods at this time.

Therefore, this area has been classified as a Priority Level II item.

3.5.4.2 Recommended Actions

l.  For each of the radwaste systems, a complete P&ID and detailed system
description should be developed. These two documents should be considered

the design basis for each system, and as such, procedures should be
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instituted to insure that they are complete and accurate, that any future
system modifications or additions are incorporated into them, and that their
distribution (both original issue and all revisions) is positively
controlled to insure that those in possession of these documents are assured
of having the most current information. No system changes shouid be
permitted without first revising these documents and completing a

review/approval cycle for the revisioms.

As the authoritative source of all design basis information for each
radwaste system, these documents should be complete. As a minimum, the P&ID
should include the following:

a. Pipe size, material, pressure rating

b. Valve/equipment/instrument ID code, compatible with computerized

information storage/retrieval system

c. Safety classification boundaries

R

d. Design and operating pressure, flow, temperature conditions

e. All local/remote instrumentation

f. Basic control logics for all active components
g. Interface with other systems
k. Basic component data (pumping capacities, tank capacities, etc.)

The system descriptioﬁ should supplement the P&ID, providing information
that is not possible to put on the P&ID. Reference may be made to other
controlled documents, such as component specifications, physical drawings,
manufacturers drawings and data, detailed operating instructions and

operating records. The system description should include the following:

a. System functions
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b. Design criteria

¢. Summary and detailed description of system components and modes of
operation

d. Hazards and safety precautions
e. Maintenance/Testing requirements

Development of a complete design documentation packége as described above
would be a major undertaking. It would be particularly difficult and time
consuming to gather the necessary design information about collection and
processing subsystems within the various source generator facilities.
Nevertheless, every effort should be made to obtain this information for
completéness, so that in the future, workers involved in reviewing,
operating, maintaining, modifying and dismantling these facilities can be
assured of having a true and accurate picture of the overall system. Some
time could be saved by excluding from these documents those facilities that
are not in use and are scheduled for dismantlement as part of DOE's surplus
facilities program. However, mothballed facilities that may one day be used
again (TURF, fer example) should be covered in detail.

Field measurements and verification will be necessary in many areas when
assembling these documents, lengthening the project duration and increasing
manpower requirements considerably over what would normally be required to
develop a P&ID and system description. However, some time and cost can be
saved if these documents are upgraded at the same time that proposed
projects for upgrading the LLW/ILW/GRW collection systems are carried out.
On this basis, the estimated effort for completion of this work is 6000
manhours.

The recommendations made here concerning the P&ID and system description
also apply to all other controlled documents that contain design information
that must be kept on file for historical purposes, use in future planning,

future system reviews and audits, etc. These documents should be brought up
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to the current, as built condition of the facility, and should be kept
current as future plant modifications are made. The cost and manpower
commitments for doing this should be included in the budget for each new

project that affects these documents.

It is recommended that a computerized component numbering system be set up
for uniquely identifying all system components and structures and for
allowing computerized storage/retrieval of listings of pertinent design
documents. Each item in the system would be identified by a unique numbe;
that appears on a computer printout along with a description of the item and
reference information, including identification of documents that provide
detailed information about the item. A typical equipment list for a
radwaste system is shown in Table B.3-12. Development of a typical

numbering scheme is described below.

Each item in the equipment list is given a nine digit identification number

which is divided into three parts. The first three digits consist of a

letter followed by two numerals and is known as the "system-designation".

Any arbitrary combinationm, such as "G50", could be used to stand for any ‘)
system, such as the liquid radwaste system, gaseous radwaste system, etc.

This three digit prefix is also used to identify the system description for

r

the particular system.

The second part comsists of a single letter which identifies the type of

equipment. A few typical code letters are listed below:

- tanks
- pumps, fans, blowers, compressors, etc.
valves and valve operators

- electrical equipment

- B I B o T
1

- recorders, controllers, indicators

The third part of the code is a five digit serial number, consisting of four
numerals followed by a single letter to identify multiple duplicates of

equipment.
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A typical equipment number for a redundant radwaste system pump would be
G50-C0001A. This number would appear alongside the item wherever it is.
shown on design documents such as P&ID's, physical piping drawings, and
vendor drawings. It would also be given in the system description,
equipment specification, vendor data sheets, etc.

When logging all design documents into the computer, this equipment number

would be used to match a document with an equipment item. For instance, if

the P&ID showed a tank numbered G50-A0004, the computer could be asked to
print out the number of the specification used to purchase this tank, the
numbers of all physical drawings on which the tank appears, and a listing of
all vendor drawings for this item. In.this manner, all available design
documentation for a particular equipment item can be called up, allowing
quick retrieval and insuring that all pertinent design documents have been
considered.

The engineering time required to institute this numbering scheme for all of
the radwaste systems, including renumbering of design documents and inputing
to the computer program, is estimated to be 4000 manhours. Some portions of
this new system could be instituted at the same time that related radwaste
system replacement projects are started to reduce the overall cost and
schedule impact.

To insure against loss of important design documents and operating records
as a result of natural disasters and fires (suéh As the one that destroyed a
portion of the records of the waste contained in SWSA's 4 and 5), a dual
record keeping system should be instituted for storing record copies of
these documents in separate, centralized locationms having adequate means of
preventing damage from fire, water, aging, etc. It is recommended that all
of these records be stored in the form of microfilm or computer tapes (where
appropriaté) in order to satisfy the safe storage requirements in the best
possible fashion. This form of storage would also be more compatible with
the computerized storage/retrieval system recommegded in Item 2 above than

if the stored documents were in hard-copy form.

Etainae o
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It is difficult to assess the cost of this project without complete
knowledge of the amount oﬁ design documentation and operating records now on
hand in various locations and the form that the documentation is in. It is
estimated that three months and 1,000 manhours would be needed to thoroughly
evaluate the present system. Current costs for microfiling a single
document are about 45¢/sheet for the first copy and 12¢/sheet for additional
copies. These costs include the fees for mounting on computer cards and
keypunching identification codes. Fér radwaste system modification and
improvement projects now in progress or being planned, the initial cost of
this method of records keeping would be competitive with, and may even be
less than, the cost of maintaining a file of hard copies for the many

documents involved.

3.5.5 ALARA Program

3.5.5.1 Discussion

ORNL was established long before the term ALARA was introduced, but
never-the-less, ORNL has always recognized the need to keep exposureﬁ to workers
and the general public below established limits and as low as possible where
practical to do so from a technical and economic point of view. A similar policy

has also been followed with regard to discharges to the enviromment.

Since the introduction of the term "ALARA" (and its predecessor "ALAP"), there
has been ever increasing pressure to reduce exposﬁres and releases further and
further, sometimes to levels that some experts would comsider as unjustifiably
and unreasonably low. But because there is no fixed value attached to this term,
there will continue to be some controversy regarding its application to a

particular facility design or operation.

For several reasons, closer attention must be given to complying with ALARA
criteria at ORNL than might be expected at some other installations. These

include:
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The largé volumes of waste handled. Over the past years, ORNL has processed
an average of 3,000 M3 of solid waste and 2.4 x 108 liters of liquid waste.
In comparison, a 1000 Mw PWR station normally generates 500 H3 of solid
waste and 8 x 106 liters of liquid waste. Furthermore, since the waste
produced at ORNL is also disposed of there, more time is spent handling the
waste than would be the case at a facility that is only involved in the

generation, processing and packaging of the waste.

The high activity level of some of the waste streams handled. The normal
activity level in the ILW system is 10 pCi/cc, but the system is designed to
handle waste as high as 5.3 x 103 pCi/cc. The LLW system normally processes
waste containing an average of <].0.5 HCi/cc. 1In comparison, the liquid
waste produced in a PWR normally ranges from 5 x 10.5 HCi/cc for secondary
side drains to 3 x 10-1 pgCi/cc for primary side drains.

Physical separation of facilities. Because éhe laboratory is spread over a
large area, some wastes must be transported distances of a mile or more for
processing and disposal. This separation creates additional opportunities
for exposure to'operators, maintenance personnel, other laboratory
employees, and visitors.

The deteriorating condition of some portions of the radwaste systems.
Because of this condition, there will be an increased need for maintenance,
repair and replacement, resulting in additional exposure to maintenance
personnel.

Increased emphasis on non-nuclear R&D. In recent years, less of the
Laboratory's research work has been associated with nuclear energy than in
the past. This trend is expected to continue, increasing the number of
workers and visitors that have little knowledge of or working experience
with radioactive material. These people should be considered part of the
general public rather than nuclear industry workers, and, as such their
allowable exposure levels would be those of the genmeral public. Potential
situations in which these persons could become contaminated or exposure to
excessive radiation under normal or accident conditions may not be

considered ALARA situations.
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Advent of surplus facilities R&D. At least seven major D& projects are
planned for surplus facilities at ORNL. Large amounts of radioactive waste
will be produced as a result. In turn, there will be increased chances for

worker exposure and eavironmental contamination.

The need for improvement in this area is considered a Priority Level III item.

3.5.5.2 Recommended Actions

1.

Establish an independent ALARA review board to review and approve all future
projects strictly from the standpoint of their compliance with ALARA. This
committee would be composed of inter-divisional personmnel with background
knowledge and/or experience in health physics, radwaste system design, and
regulations on exposures and activity discharges. This committee should be
independent of the project or operation being reviewed, reporting through a
different chain of command to an individual above the project management
team. By assigning the ALARA review function to one specific group for all
projects, greater assurance is given that each project will be adequately
reviewed. This will also insure a more consistent approach to ALARA for the

entire laboratory.

Periodically, the radwaste management operations should be reviewed to
insure that ALARA criteria are being complied with. To do this in the most
efficient and thorough manner possible, a computerized system should be
developed to correlate personnel exposures to specific work tasks. This
would require development of an RWP format that permits the work
descriptions to be readily inputted into the computer. The usé of very
specific work descriptions should be encouraged to aid in making a
meaningful correlation between the individual's exposure and his work

activity.

while conducting this study, it was learned that the health physics
organization at ORNL is currently developing an exposure tracking system
that will perform the functions described above. The waste management
operations group should work closely with the health physics organization to

insure that this system will satisfy their needs.

L
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TABLE B.3-1

SUMMARY COST COMPARISON OF ALTERNATIVE
LLW COLLECTION SYSTEM CORRECTIVE ACTIONS

Alternative Method Total Cost®

Grouting $ 150,000
Lining - Slip Line $ 750,000
Lining - Membr;ne $1,600,000
Replacement $1,200,000

* Costs are for all lines 15.25 cm in
diameter and larger.
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TABLE B.3-2

COST AND SCHEDULE COMPARISON OF
ALTERNATIVES TO OPEN LLW COLLECTION BASINS

Alternative Cost Schedule
Line and Cover Pond 3524 $305,000.00 8-10 Moéths
Cover Ponds 3539 and 3540 $ 44,200.00 4-6 Months
Line Gunite Tanks for use $300,000.00 - 12-18 Months

in Lieu of Pond 3524
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TABLE B.3-3

SUMMARY COST COMPARISON OF
LLW SLUDGE PROCESSING ALTERNATIVES

Annual
Operating Cost

Alternative Capital Cost
a. Dispose of sludge via
hydrofracture:
1. Without dewatering N/A
2. After dewatering $100,000

b. Dewater and package:

1. Shallow land/burial $100,000
2. Above ground storage $100,000
) ¢. Solidification:
{’.
t 1. Cement/modify hydrofracture
equipment:
i. Shallow land burial $250,000
ii. Above ground storage . $250,000

2. Polymer/mobile equipment:

i. Shallow land burial $750,000
ii. Above ground storage : §750,000

$75,000
$ 7,500

$ 3,000
$ 4,500
$13,000

$16,000

$15,000
$14,000
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WATER USAGE FOR GROSS MANUAL SURFACE
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TABLE B.3-4

DECONTAMINATION TO < 100,000 dpm/100 cm

ace

Painted c: .-
Unpainted
Stainless ::

Walls and :
(painted :=-.:

Concrete :.::

Painted a:-.
or deck

Structursz .

Piping (e ::

Mirror i=z.
Painted cz-.
Electrica._
Ductwork
Painted == -

equipment

Notes:
1. High ~v:.:

2. Low vel

rete floors

.:acrete floors

2el wall liper

—-2rheads

unpaintead)

ity water ranges

sity water is < 35

Method

High Pressure (HP) water
_Low Pressure (LP) water

HP water
LP water

LP water

HP water
HP water

HP water

Wet/Dry (W/D) vacuum
HP water

W/D vacuum
HP water

LP water
W/D vacuuming

W/D vacuuming
HP water

W/D vacuuming
LP water

W/D vacuum

W/D vacuum
HP water

from 70 Kg/cm® to 700 Kg/cm>.

Kg/cmz.

1/m

1.0 1/m2

1.5 1/m%

1.5 1/m?

1.5 l/m2

6 m3/1002m2

1.5 1/m

6 m3/m22
1.5 1/m
1. ].'/m2 2
6 m~/100 m
6 m3/1002m2
1.5 1/m
6 m3/m2

1.0 l/m2

6 m3/100 m2
6 n°/100,m°
1.5 1/m
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TABLE B.3-5

WATER USAGE FOR HANDS-ON 2
DECONTAMINATION TO < 10,000 dpm/100 cm

Surface
Painted concrete floors

Walls and overheads
(painted)

Painted/SS decking
Structural steel
Piping

Mechanical equipment

Painted concrete block

Note:

Method

High Pressure (HP) water

HP water
HP water
HP water
HP water
HP water

HP water

1. High pressure water ranges from 70 Kg/cm2 to 700 Kg/cmz.

»

Vol/Area
1.5 l/m?

1.5 1/n°
1.5 1/m?
1.5 1/n°
1.5 1/m2
1.5 1/m?
1.5 1/m>
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TABLE B.3-7 -~ CORROSION OF 18-8 STEEL (TYPE 304) IN VARIOUS MEDIA

Bo3-lls

(Aireenoled from 10630° C [1920°F])

Corrunive Medium , Teuperatuse | Durationof Test, bouss Wt Loss
i mdd ipy
204 Nitrie acid : Ronm 1 Ni* ceses
205, Nitrie acid j Boiling 15 Nit renes
3% Nitrie acid l Builing * 18 Y ceeen
1€¢ Nitre acid + Boiling 15 Nil ceees
Nitrie acid fumnes P 110°C (230* F: 13 109 0.018
i
10 Hydrochluric aeid i Room i 1 380 0.063
1077 Sulfurie acid ! Room 1 432 0.079
15 HeSy <= 290 HNOy ' Room 17 Ni N
0.23% HeS4 + 023t HN3 | Rwwm 17 Nil cenee
10% Aceic acid, C. P, ! Room 3 Nil cevesn
13€¢ Acetie acid, C. P. i Boiling 2 Nil verve
Glacial acetse acid, U, S, P, Ruomn 2% 0.1 0.000
Glacial aceuc ucid, L. 3. P. i Builing 167 130 0.02%
Crude acstic said ; Builing L6 373.5 0.068
105 Phosphoric acid, C. P. Boiliag 17 Nil ceene
1055 Carbolic acid, C. P. Boiling 16 Nil [PPN
105, Chromic ucid (tech.) Boiliag 41 204 0.037
Concantrated sullurous acid Room 22 N ceeee
0.5 Lactic scid Boiling 16 4.1 0.00L
1.065 Lactiz acid 53°C (130° F) 16 Nit PP
2.0¢ Lacuc acid Boiling 16 31 0.001
305 Lactic acid . Boiling 16 12.240 2.2
v 8355 Lactic acid Boiling 18 - 1,560 0.28¢
107 Tartarie acid Boiling 39 Nil cossa
155 Oxalic acid Boiling 39 177.6 0.032
105% Oxalic scid Room 17 139.2 0.028
10% Formis acid Boiling 1 3.240 0.5%0
105 Formis acid Room 17 24 0.000
109 Malic acid Room 17 Nil conee
13% Sadium sulfta Boiling 18 Nit
10% Sodium bisulfate Boiling 18 Nil
10%; Awmmonium sullate Boiling 18 Nil
105, Ammozium chloride Boiling 16 . DPitted
Lemasa juice Room 29 Ni cenen
Qrangs juice Room 9 Nil ceeee
Sweet cider Roem 2 Nil cenes
Caoned rhubard Beiling 16 Nit ceene
Caaned tomatoes ; Boiiiag ’ 16 Nit [ e
10¢; Sadiam brdroxide Rediag : a1 B S
Tem 15-5, | CHISS. | Mois-S. | Tiiss. | 25-12. | 2520,
Gas td Trpe 204 ! Tyvpe 337 | Type 316 | Type 321 { Type 09 | Type 310
C : ‘F loch Penetrauon per Year
Cly, moist 201 70 {0 12-0 42, 0 12-0 321 0 04=0 12 | 0 12-0.42} 0.12-0 42} 0 129 42
. S0, morse 20| 70| <00z | <0.04 <0 00: | <004 | <0004 ; <O G4
S, dry 30) 1573 ) <003 ! <000k | <0.038 <0.00+ <0.00:¢ : <O O
NH;. ar¥ 204 T0; <0 GM  <O0% D <00 ;| <00 [ <006 j <000
HCL. dry 2. 70 I Attached | Attached . Attacked | Attacked | Attacked ; Attacaed
KEC!. mmst 20 : 70, Budiy Badly i Badlv i Badly | Badly ! Badiy

EF. dry

attacaed  aitached' attacked ; attacked! artucked’ attacned
: . . : - L] .
* Attacxed  Attacaed B Atiacked , Atiacsed | AttacheC  Attacaed

LI e A sy M rhar d T
PRI Y EPRAC RPN L O AN R RN YOy
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TABLE B.3-8

TRU CONTENT OF HYDROFRACTURE INJECTIONS

Additional Dilution Factor Reg'd

Injection CM=244 Pu-239 Total TRU Including Credit for
No. (uCi/kg) (ECi/kg) (uCi/ke) CM=-244 CM-244 decay

ILW 7 . 24 2 26 2.6 1.3
ILw 10 36 .5 36.5 3.7 1.9
ILW 11 228 - 228 22.8 11.4
ILW 13 26 - 26 2.6 1.3
Pilot Pl

Wastesiﬁ} 3278 - 3278 328 164
Annual
Sludge(? 787 21 808 81 40.5
Annual
Evaporatgi) 131 1 132 13 6.5

Bottoms ’
Gunite . ‘
Tk Sludge ) 1049 26 1075 108 54 . -j
Notes:
1. Credit has been already taken for dilution factor of 1.4 gained by mixing

waste with cement prior to hydrofracture.

2. None of these wastes have yet been injected on a routine basis.
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SUMMARY OF CONSTRUCTION SCHEDULES AND COSTS

TABLE B.3-9

ALTERNATIVE SOLIDIFICATION/DISPOSAL METHODS FOR ILW SLUDGES

Method

Hydrofracture

. Modify hydrofracture

equip. for above ground
solidification/storage

a. Without VR

This cost does not include the expense of moving the solidification equipment
to a new location after the capacity of the existing well for accepting grout

These costs are over and above the initial $5.4 million for constructing the

Unlike the solidification equipment, the VR equipment would not be portable.

b. With VR
3. Mobile solidification
equip. for above ground
solidification/storage
a. Without VR
b. with vR(3)
Notes:
I1.
is exceeded.
2.
hydrofracture facility.
3.
4,

Solidification/disposal costs are all computed on basis of dilute waste

(14).

Engineering &
Construction
Schedule

1982 Sch'd Completion

1 yr.

3 yr.

1 yr.
3 yr.

Capital

Cost
(slog)

Solidification
and Disposal Cos
(§/liter of waste

5.4(1)

0.25(2)
5.0(2)

0.76
5.76

0.27

3.56
0.26

1.30
0.16
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TABLE B.3-10

COMPARISON OF ACTIVITY LEVELS IN WASTE GENERATED
AT DOE_SITES AND COMMERCIAL REPROCESSING FACILITIES

Source Specific Activity (Ci/m3)
DOE?
Liquid HLW? 0.17 x 10°
Solid HLW (calcined) 3.5 x 104
. 41
Commercial
Liquid HLW? 1.35 % 10°
_ Spent Fuel 170.0 x 10%
ORNL IIw3'%
Evaporator Concentrate 0.03 x 104
Gunite Tank Sludge 0.07 x 104
(prior to dilution)
Pilot Plant 0.26 x 104
Notes:

1. Figures for DOE and commercial waste quantities taken from Roy, 1979.

2. Liquid HLW activity concentrations are based on estimated quantities of
Sr-90 and Cs~137 contained in waste.

3. Figures for ORNL waste quantities taken from Liverman, 1977.

4, For direct comparison with waste from other sources, only the Sr-90 and
CS-137 are considered in ORNL's waste.

N
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DESCRIPTION
OF VOLUME
REDUCTION
TECHNIQUES

DRY COMBUSTIBLE

TABLE B.3-13

VOLUME REDUCTION STUDY MATRIX

DRY COMPACTIBLE

FERROUS METALS

NON-FERROUS METALS

GLASSWARE

AQUEOUS LIQUIDS

SLURRY WASTES

(RESTNS, FILTER
BACKWASH, ETC.)

10.

11.

Incineration
(all types)

Slagging
Pyrolysis

Calcination

Acid Digest-
ion

Biological
Decomposition

Evaporation
(all types)

Compaction

Cutting
(grinding,
shredding,
etc.)

Melting

Decontamination
& Reuse

Administrative
Controls
(all types)

X
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10.

11.

12.

13.

B.3-124

TABLE B.3-16

PACKAGING REQUIREMENTS FOR WASTE CATEGORIES

PROPOSED IN DRAFT 10CFR61

REQUIREMENT
10 CFR Part 71
packaging requirements

49 CFR Part 171-179
packaging requirements

Segregation by activity
concentration

Cardboard or fiberboard
boxes excluded

Liquids packaged with absorbent
twice the volume of liquid

No readily explosive material
No significant volume of toxic gases
No pyrophoric material

Shred gaseous waste must be
at atmospheric pressure

Pretreat biological pathogenic
or infectious material to .
reduce hazard

Less than 1% free water,
non-corrosive

Maintain physical form under
50 psig

Minimize void spaces

APPLICABLE WASTE CATEGORY
A B c
X X X
X X X
X X ).¢
X X X
X X .4
X X X
X p:¢ X
X X X
X X X
X X X
X X X

X X
X X

T,
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ORNL DWG 81-23579

— EXISTING
MANHOLE

RECORDER AND D e
BUBBLE SOURCE 4—3 =

=

&7
, STANDARD

SENSING
PROBE
|
i
OPTIONAL \
PROBE

FIGURE B.3-1 PORTABLE SEWER FLOW MONITOR

.

\ .
N’
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ORNL DWG 81-23581 N

NEW STORAGE TANKS

EXISTING EVAPORATOR
FACILITY & STORAGE

TANKS \

NEW TRANSFER LINES

EXISTING TRU-TURF
ILW STORAGE TANK

, A& /NEW STORAGE TANK

8
V NEW TRANSFER LINES
/

L@x

EXISTING -
TRANSFER LINE

TURF

EXISTING WASTE FACILITY
STORAGE TANKS '
o eemm—— SINGLE CONTAINMENT

1 - - .
Yoo FEET DOUBLE CONTAINMENT

WASTE TANKS FQO\ =CT IMPROVEMENTS
TO ILW. S¥YS T

-

-.-

———
—

i
r.""
oV

————

FIGURE B.3-3
PRCPOSED CONSOLIDATION OF ILW COLLECTION SYSTEM
IN BETHEL VALLEY
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ORNL DWG 81-23583

s - TG OPEN POND OISPOSAL
a8 g BACKWASH TO
3 EQUALIZATION BASIN
]
"
Liw COLLECTION CLARIFIER/ POLISHING exc;?:ucs f,: :;"‘:5:7
. | I
GENERATORS SYSTEM RECIPITATOR ™3 FILTERS o 0AK CREEK
)
REGENERATES RESINS TO
SWSA
“-‘ L 3 Y
<
= DISTILLATE  TO REGENERATE
s EVAPORATOR MAKE-UP SYSTEM
Q
32
ww COLLECTION 3
GENERATORS SYSTEM EVAPORATORS == =Y
[}
8OTTOMS 70 HYDROFRACTURE
FACILITY -
“
2
A. PRESENT PROCESS FLOW SHEET FOR LLW & ILW SYSTEMS w
5]
»
%)
w
A
. ACDITIONAL |
GENERATORS EYAPORATOR e
e e e oy e L SAPACITY 4
| consoL- r B -—r- DISTILLATE s;g;ggs EFFLUENT
IDATED l 807TTOMS
| caLLECTION L——I | PRE-FILTERS ' COLUMNS
SYSTEM ]
(I i RESINS REGENERATES
ILw . iLw § 4
GENERATORS EVAPORATORS [
A 4 h
] |
BOTTOMS !
BACKWASH SOTTOMS

EFFLUENT

e

l e m——
CONCENTRATE

8. RECOMMENDED PRCCESS FLOW SHEET FOR.
CONSOLIDATED LLW-ILW SYSTEM

FIGURE B.

3-5

FACILITY
SOLID-

| IFICATION |
SYSTEM

PRESENT/FUTURE FLOW SHEETS FOR LLW & ILW SYSTEMS

TO WHITE
QAK CREEX

HYDROFRACTURE

> STORAGE/ I

DISPOSAL
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ORNL DWG 81-23585

UL

Plocing shuttering Placing grovel base Placing filled basket
and tube of waste
¥ 4 Biateonarqry,
2 -‘%“.-;-@-:-Is-q‘% N
= R K
R
5l Jg!
l »
o4
T _
Covering waste Filling with cement Draining excess water
with pebbles
Removal of shuttering Removai of waste

FIGURE B.3-7
SEQUENCE OF STEPS FOR ONE METHOD OF CASTING
CONCRETE STORAGE MODULES FOR HIGH ACTIVITY WASTE

N
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ORNL DWG 81-23586

. A. PRECAST CONCRETE CASK B. CONCRETE CASK
BEFORE FILLING FILLED AND CAPPED
{
C. HIGH ACTIVITY WASTE STORED IN THREE-TIERED
CONCRETE CASKS AT SACLAY
,.'(.M ; FIGURE B.3-8
~ ABOYEGROUND STORAGE OF HIGH ACTIVITY WASTE

IN STACKABLE CONCRETE CASKS
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ORNL DWG 81-23587

PLAN VIEW

: > c . 7 L
‘.8 - A . . PRECAST VAULT
= r_ 0T =, |- ; AND COVER
.' o - ‘.
“ D.' 2.0 M3 2ls
N AINLESS R
STAINLE K ONE OR MORE
a'|.- || sTEEL LINER S
M rvereaL o 2 [ PRECAST CONCRETE
£ I ¥ Lo SHIELD INSERTS
. i la AS REQUIRED
- a
Lt : £ |4
\..4'..‘., EF Y .-.A-”_a..-.../
SECTION
FIGURE B.3-9

ARRANGEMENT OF TYPICAL ABOYEGROUND
STORAGE MODULE CONTAINING FOUR CANISTERS
OF SOLIDIFIED HIGH ACTIVITY WASTE

’ -
e
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e
- ORNL DWG 81-23588
LINER FILL AREA
CHASE
\ \
TRANSFER o N
PUMP L/
AREA ~~
il
- ] i
. ) =l %
WASTE BATCH —1i] |
. PREPARATION AREA
' e
SAMPLE 8. T
INSPECTION L
AREA ;
CONTROL AREA o0

Note: Portable shielding required around
truck when in operation

FIGURE B.3-10

MOBILE SOLIDIFICATION SYSTEM UTILIZING
DOW YINYL ESTER RESIN
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ORNL DWG 81-23589

" TS\_EXISTING

N TANK WALL

_PLAN VIEW

SHIELDED DRUM

ACCESS PORT
MACHINERY SHED

~ I ll:_:w D [ G B
Qi .

.D’ U MONORAIL ™
1
g HOIST &
—— DRUM GRAB

i

I | ;I E/DRUMSSTAC'KED

inauaii
|I IEEN N — ' P

CENTER SUPPORT COLUMN

- . "

- .- “ -s a

SECTIONAL VIEW

FIGURE B.3-11
CONCEPTUAL ARRANGEMENT FOR SRW DRUM STORAGE
IN EXISTING GUNITE TANK
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10.

Cc-1
Definitions
Alloy 20 - Moderately high nickel/chromium alloy steel similar to Incoloy.

Cathodic protection - a method of preventing corrosion of metals by
impressing an electrical current onto the surface of the metal to create a
potential difference between this surface and a sacrificial, anodic material

introduced into the system for this purpose.

General SRW - See Appendix A Section No. 1.2, , ~
Gunite Tanks - concrete tanks fabricated by a process in which concrete is
sprayed onto reinforcing.

High Level Waste - See Appendix 4 Section No. 1.3.

Hydrofracture - injection of a liquid waste and grout mixture into
underground shale formations at high pressures, causing horizontal
fracturing of the shale and the creation of stable grout/waste sheets
between layers of shale.

Incoioy - Moderately high nickel/chromium alloy steel developed by
Huntington Alloys, Inc.

Inconel - High nickel/chromium alloy steel developed by Huntington Alloys,
Inc.

Intermediate Level Waste ~ See Appendix A Section No. I.3.
Isokinetic = A condition which prevails when the velocity of air entering a

sampling probe or the collector when held in the airstream is ideatical to

the velocity of the airstream being samples at that point.

>
8
i
o




11.
12,
13.

14.

c-2

Low Level Waste - See Appendix A Section No. 1.3.

Non TRU Waste - See Appendix A Section No. 1.5.

TRU Waste - Transurance Waste - See Appendix A Section No. 1.2.

304L/316L - Special grades of very low carbon stainless steels.

RN



10.

11.

12.

13.

15.

16.

C-3

Acronyms

AEC - Atomic Energy Commission

ALAP -~ As Low as Possible

BWR -'Boiling Water Reactor

CEGB - Central Electric Generating Board

D & D - Decontamination and Decommissioning
DAS - Data Acquisition System

DOE - Department of Energy

EPA - Environmental Protection Agency

FEIS - Final Environmental Impact Statement
FSAR - Final Safety Analysis Report

GM - Geiger-Mueller

GRW - Gaseous Radwaste

HEPA - High Efficiency Particulate Filters
HFIR - High Flux Isotope Reactor

HLW - High-Level Transuranic Waste

IAD - Intermediate Action Directive

TS F [
T s e o R S



17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

Cc-4

ILW - Intermediate-Level Waste

K-25 - Oak Ridge Gaseous Diffusion Plant
LLW - Low Level Waste

LLWDF - Low Level Waste Disposal Facility
LRW - Liquid Radioactive Waste

MPC - Maximum Permissible Concentration
NRC - Nuclear Regulatory Commission

NWTS - National Waste Terminal Storage
ONWI - Office of Nuclear Waste Isolation
ORNL - Oak Ridge National Laboratory’

PCB - Polychlorinates Biphenyl

PGDP - Paducih Gaseous Diffusion Plant
P&ID - Piping and Instrumentation Diagram
PM - Photomultiplier

PVC - Polyvinyl Chloride

PWBS - Program Work Breakdown Structure

PWR =~ Pressurized Water Reactor

-
™
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N

*34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

45,

46.

47.

C=5
R&D - Research and Development

RCRA - Resource Conmservation Recovery Act

SPIX - Scavenging Precipitation Ion Exchange Column

S§S - Stainless Steel

SRW - Solid Radioactive Waste

SWIMS - Solid Waste Inventory Management System
SWSA - Solid Waste Storage Area

TMI-2 - Three Mile Island -~ Unit 2

TRU - Transuranic

TURF - Thorium Uranium Recovery Facility

UCC-ND - Union Carbide Corp. = Nuclear Division
VR - Volume Reduction

WOCC - Waste Operation Control Center

X-10 - ORNL Site

PRI S R GO e (e SR NN I OIS W NI GRS REN

= et e e
T 0 T



Cc-6

APPENDIX C

Bldg. No. Abbreviation Description

2523 - Decontamination Laundry

2531 - Radioactive Waste Evap.
Bldg.

2533 - Cell Ventilation Filter
Pit (for Bldg. 2531)

2534 - Off-Gas Filter Pit
(for Bldg. 2531)

2537 - Evaporator Service Tank &
Control Room
(for Bldg. 2531)

2624 SWSA-1 Solid Waste Storage Area
No. 1

3001 - OGR Graphite Reactor

3002 - Filter House

3003 - Solid State Accelerator
Facility

3004 - Water Demineralizer

3005 LITR Low-Intensity Testing

Reactor

—



Bldg. No.

3008
3010
3018
3019-A
?019-3
3020
3021

3023
3025-E

3025-M

C-7

APPENDIX ¢

Abbreviation Description

- Source and Special
Materials Vault

- Bulk Shielding Reactor
Facility

- . Exhaust Stack
(for Bldg. 3303)

- Radiochemical Processing
Pilot Plant '

- High-Level-Radiation
Analytical Laboratory (4)

- Exhaust Stack
(for Bldg. 3019)

- Turbine House
(for Bldg. 3019)

- North Tank Farm

- Physical Exam. Hot Cells-A

- Solid State Division

Laboratories




Bldg. No.

3026~C

3026-D

3027

3028

3029

3030

3031

3032

3033

3033-A

Cc-8

APPENDIX C

Abbreviation

Description

Radioisotope Development

Laboratory - B

Dismantling & Examination
Hot Cells

SNM Vault

Radioisotope Production

Laboratory - A

Radioisotope Production

Laboratory - B

Radioisotope Production
Laboratory - C

Radioisotope Production

Laboratory -~ D

Radioisotope Production

Laboratory - E

Radioisotope Production

Laboratory - F

Radioisotope Production

Laboratory Annex

-



Bldg. No.

3034

3036

3037

3038

3039

.- 3042
(.

3044

3047

3074

3077

3080

c-9

APPENDIX C

Abbreviation

ORR

Description

Radioisotope Area
Services

Isotope Area Storage

and Service Building

Operations Division
Offices

Radioisotope Laboratory

Central Radioactive Gas

Disposal Facilities

Oak Ridge Research Reactor

+ Special Materials Machine

Shop

Isotope Technology
Building

Interim Manipulator Repair
Facility

Air Cooler - LITR

Reactor Experiment

Control Room




Bldg. No.

3083

3084

3085

3086

3087

3088

3089

3091

3092

3093

3095

3098

Cc-10

APPENDIX C -
7
Abbreviation Description
- Neutron Spectrometer
Station No. 1
- Neutron Spectrometer
Station No. 2
- Pumphouse - ORR
- Cooling Tower No. 1 - ORR
- Heat Exchanger - ORR
- ' Bulk Shielding Reactor
Stor.
- Cooling Tower No. 2 - ORR .
2
- Filters (for Bldg. 3019)
- 0ff-Gas Facility-4000 CFM
- Storage Cubicle for
Krypton Cylinders
- Reactor Area Equipment
Bldg.
- Filter Facility (for LITR

& BSR)



Bldg. No.

3100

3102
3103

3105
3106
(¢
: 3107

3108

3109

3110

3117

3118

B + .

Cc-11

APPENDIX C

Abbreviation

Wocc

Description

Source and Special
Materials Vault

Heat Exchanger No. 2 - ORR
Cooling Tower No. 3A- ORR

Waste Monitoring Control
Center

Cell Ventilation Filters =~
4501, 4505 & 4507

25-Meter Target House on
Flight Path Extension

Cell and Hood Ventilation
Filters -~ 3019

0ff-Gas Filters for ORR

Cell Ventilation Filters
(for Radioisotope Area)

BSR Cooling Tower

Radioisotope Production

Laboratory H




Bldg. No.

3119

3121

3126
3127

3503

3505

3506

3507

3508

3513

3517

Cc-12

APPENDIX C

Abbreviation

FPDL

Description

BSR Heat Exchanger and
Pumphouse

Cell Off-Gas Filter House
(for Bldg. 3019)

Charcoal Filter (NOG) ORR
Plutonium Storage Vault

High-Radiation-Level
Engineering Laboratory -

Fission Product Dev't

Laboratory Annex 2/

Radioisotope Production
Laboratory - G

South Tank Farm

Chemical Technology
Alpha Lab

Settling Basin

Fission Prod. Dev't Lab



C-13

APPENDIX C

Bldg. No. Abbreviation Description

2:dg. flo. ajoreviation description

3518 - Process Waste Water
Treatment Plant

3523 - Controls Research

3524 ) - Process Waste System Basin

3525 ’ - High-Radiation-Level
Examination Laboratory

3539 ) - . Process Waste Pond No. 1
(North)

3540 - Process Waste Pond No. 2
(South)

3541 - MSR Process Dev't Lab

3543 - MSR Development Laboratory

3544 - Process Waste Treatment Plant

3584 - Contaminated Materials
Storage

3594~ - Waste Mgmt. Storage Bldg.

3597 - Hot Storage Garden

v s



Bldg. No.

3601

3604P
4003
4500

4501
4505

4507
4556
5500
5505

5507

C-14

APPENDIX C

Abbreviation

SWsA-2

o,

Description
H.E.P.A. Filter House

WC-21 & WC-22
Tank Vault (proposed)

Solid Waste Storage Area
No. 2

Central Research &
Administration

High-Level Radiochem. Lab.
Experimental Engineering
High-Radiation-Level
Chemical Development
Laboratory

Filter Pit (for Bldg. 4507)

High Voltage Accelerator
Laboratory

Transuranium Research

Laboratory

Electron Spectrometer

Facility
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Bldg. No.

6000

6001

6010

6025

7018

7019

7020

7021

7022

7025

7500

B e b
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Abbreviation

HHIRF

ORELA

R el et~ e AP UL S

Description

Holifield Heavy Ion
Research Facility (HHIRF)

Cooling Tower
(for Bldg. 6000)

Electron Linear Accelerator

Engineering Physics Office/
Laboratory Building

Salvage & Reclamation
Facility

Hazardous Materials Storage

Interim Grounds Equip.
Storage

Fabrication Equip.
Storage

Gas Cylinder Storage Shed
Tritium Target Facility

Nuclear Safety Pilot Plant
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Bldg. No. Abbreviation Description
7502 - Radioactive Waste
Evaporator (for Bldg. 7500)
7503 : MSRE Molten - Salt Reactor
Experiment Building
7511 - Filter Pit (for Bldg. 7503)
7512 ) - Stack (for Bldg. 7503)
7513 - Cooling Tower
(for Bldg. 7503)
7514 - Filter House
(for Bldg. 7503)
7554 - Cooling Tower
(for Bldg. 7500)
7557 - Adsorber Pit (for
Bldg. 7500)
7558 - Waste Evaporator Loading
Pit (for Bldg. 7500)
7559 - ' Adsorber Valve Pit

(for Bldg. 7500)



Bldg. No.

7560

7561

7562

7563

7567

7569

7600

7602

7603

7608

7609
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Abbfeviation Description

- Waste Tank (for Bldg. 7500)

- Valve Pit (for Bldg. 7500)

- Waste Condensate Tank
(for Bldg. 7500)

- Circulator Pump Pit

’ (for Bldg. 7500)

- Intermediate Level Waste
Pumping Station (west of
Bldg. 7503)

- Melton Valley Collection
Tank WC-20

- Containment Bldg.

- . Engineering-CFRP

- Experimental Engineering

" CFRP
- Component Development CERP

- *Stack Monitoring House'




Bldg. No.

7610

7612

7613

7614

7615

7700

7701

7702

7703

7704

7705
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Abbreviation

TSF

Description
Storage House - CFRP

Elevated Storage Tank -
CERP

Waste Rentention Basin

Exhaust Stack for
Bldg. 7600 & 7602

Material Storage

Tower Shielding Facility

Pool-Tower Shielding
Facility

Control House Tower

Shielding Facility

Hoist House Tower

Shielding Facility

Control House No. 2
Tower Shielding Facility

Pump House Tower
Shielding Facility

s
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Bldg. No.

7706

7708

7709
7710

7711

7712

7716

7717
7755
7756
7758

7800
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Abbreviation

. HPPR

sWsa-4

Description

Cooler-Tower Shielding
Facility

Reactor Shield Storage -
Tower Shielding Facility

Health Physics Res. Reactor
Dosar Facility - HPRR

Process Waste Basin for
Bldg. 7709

Dosar Low Energy
Accelerator

Filter Pump House Main.
Pool

TSF Experiments Bldg.
Reservoir - HPRR
Meter House - HPRR
Storage for Bldg. 7709

Solid Waste Storage Area
No. &




Bldg. No.

7802

7804

7805

7806

7807

7808

7809

7810

7811

7812

7813

7816
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Abbreviation

SWSA-5

Description

Solid Waste Storage Area
No. 5

Storage

Waste Pit No. 1
{(Abandoned)

Waste Pit No. 2
(Abandoned)

Waste Pit No. 3
(Abondoned)

Waste Pit No. 4
Waste Trench No. 5

Chemical Waste Trench No 6
(Abandoned)

Pilot Pits 1 and 2
White Oak Dam Control Bldg.
White Oak Creek Dam

Waste Research Storage



Bldg. No.

7818
7819

7821

7822

7823

7824

7825

7826

7827

7829

Cc-21
APPENDIX C

Abbreviation

SWsA-6

Description- '
Waste Trench'No, 7

Interim Decontamination Bldg.

Emergency Waste Basin
(Melton Valley)

Solid Waste Storage Area
No. 6

Underground Storage Bldg.
(for 7802)

Radioactive Waste Storage
Bldg. (for 7802)

ILW Interim Storage
Tank Facility

Retrievable Waste
Storage Facility

High Level Alpha
Waste Storage

Peach Bottom Storage
Wells




Bldg. No.

7830

7831

7833

7834

7835

7841

7852

7855

7860
7900

7902

c-22
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Abbreviation

Description

Waste Storage Tanks &

Control Room

Solid Waste Compactor
Facility

Alpha Greenhouse Facility

Retrievable Waste Storage
Facility No. 2

Sludge Waste Pond
(for Bldg. 3544)

Contaminated Equipment

Storage Area

Shale Fracturing Batch
Plant

Storage Facility for HRL
Retrievable Waste

Hydrofracturing Facility
HFIR

Cooling Tower

(for Bldg. 7900)

.-/’
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Bldg. No. Abbreviation

7903

7905

7906

7907

7908

7911

7912

7913

7920

7922

7930

Cc-23
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TRU

Description

Cooling Tower Equip. Bldg.
(for Bldg. 7900)

Retention Pond No. 1 (HFIR)
Retention Pond No. 2 (HFIR)

Retention Pond No. 3
(for TPP)

Retention Pond No. 4
(for TPP)

Stack (for Bldg. 7900)
Fan Shed (for 7911 Stack)
Filter Pit (for 7911 Stack)

Transuranium Processing
Plant

Breeching and Fan Area
(for Bldg. 7920)

Thorium-Urnaium Recycle
Facility

A S R AN RN > Y AOEC ¥ s M R ST A S
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Bldg. No.

7932

7952

9204-3
9213

9409-15

9409-16

9732-2

9770-2

c-24
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Abbreviation

Description

Waste Sample Bldg.
(for Bldg. 7930)

Low Level Waste Pumping
Station (near HFIR Pond)

Isotope Separations
Criticality Lab

Cooling Tower for 9204-3
(Isotope Separation)

Cooling Tower for 9204-3
(Isotope Separation)

86-inch Cyclotron
Counting Room

Radiation Source

<
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